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LOCAL TETANUS 
A STUDY OF MUSCLE TONUS AND CONTRACTURE * 


S. W. RANSON, M.D. 


CHICAGO 


When tetanus toxin is injected into laboratory animals, such as the 
cat, guinea-pig or rat, the muscles near the site of the injection are the 
first affected; and if the dose is not too great, the tetanic contractions 
may remain entirely confined to the limb which receives the toxin. 
Cats are resistant and develop general tetanus less readily than the rat 
yr guinea-pig and are for this reason especially suited for the study of 
local tetanus. Doses up to 1 cc. per kilogram of body weight produce 
only a local effect in the cat, although 0.004 cc. per kilogram of the same 
toxin will produce a generalized tetanus in the guinea-pig. For this 
reason, it is much easier to obtain advanced stages of tetanus contracture 
n the cat. 

It is well known that tetanus toxin acts on the central nervous 
system because section of the motor nerve prevents the development of 
the spasmodic contractions and tonic shortening. The experiments of 
frohlich and Meyer on frogs led them to conclude that tetanus toxin 
does not act on the muscles or nerve endings but only on the nerve 
centers. As further proof that the action is central and not peripheral, 
they injected tetanus toxin into the spinal cord of rabbits and produced 
local tetanus in both hind limbs but could not find toxin in the muscles 
or sciatic nerve in tests made by injecting emulsions of these tissues into 
mice. Zupnik? found that after section of the sciatic nerve tetanus 


toxin injected directly into the gastrocnemius caused tetanus rigidity 
at both the knee and the ankle joints. But as Frohlich and Meyer said, 


this means nothing, since in the normal animal under ether it is not 
possible to flex the ankle if the knee is fully extended, because the 
gastrocnemius, which is a flexor of the knee as well as an extensor of 

* Submitted for publication, March 1, 1928. 

*From the Department of Neuro-Anatomy, Washington University Medical 
School, St. Louis. 

1. Fréhlich, A., and Meyer, H. H.: Arch. f. exper. Path. u. Pharmakol. 79: 
55, 1916. 

2. Zupnik: Die Symptomatologie, Pathogen und Therapie des Tetanus, 1910, 
cited after Fréhlich and Meyer (footnote 1). 
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the ankle, is so short that it becomes fully stretched whenever the knee 


is extended. In Zupnik’s experiments the quadriceps extensor, by keep- 
ing the knee rigidly extended, also prevented flexion of the ankle. 
When Frohlich and Meyer cut the entire lumbosacral plexus, injection 


of tetanus into the denervated leg caused a general tetanus, but the 
denervated limb remained flaccid. 

It is said that the toxin can reach the brain and spinal cord through 
the blood stream only by traveling up the nerves. In general tetanus the 
toxin is supposed to be distributed over the body by the blood stream, 
picked up by the nerves and carried by them to the spinal cord and brain. 
Meyer and Ransom * expressed the belief that it reaches the central 


nervous system by traveling along the axis cylinders; but Teale and 


mbleton * and Kobayashi ® found evidence that it also makes its way 


centrally in the lymphatic spaces of the nerves. 


METHODS 

The experiments to be reported in this paper were performed on 
adult cats. The toxin used in these experiments was supplied by the 
Research Laboratories of Parke, Davis and Company. This toxin when 
first made was standardized so that 0.001 cc. was a minimal lethal dose 
for a guinea-pig weighing 350 Gm. ‘Tetanus toxin deteriorates with 
age, and at the time it was used it was somewhat weaker than this. 
However, the strength of the toxin is not a matter of importance, because 
it was always easy to use a dose which was adequate for causing local 
tetanus without any generalized effect. 

In many of the cats the dorsal roots of one lumbosacral plexus were cut 
intradurally under ether anesthesia and with strict asepsis. The technic of these 


operations was described in a paper recently published on the role of the dorsal 
roots in muscle tonus.6 The roots cut varied somewhat in the different experi- 
ments; usually they were cut from the third or fourth lumbar to the third sacral 
nerves, inclusive. It was easy to identify the roots at the operation because the 
large seventh lumbar nerve makes its exit from the dural sac at the level of 
the upper border of the crest of the ilium. The exact number of roots cut was 
noted in each case and checked at autopsy until confidence in the ability to 
recognize them at operation was established. 

A number of the cats were decerebrated after local tetanus had developed. 
The decerebration was accomplished by ligation of both carotids in the neck and 
of the basilar artery through a small opening in the base of the skull, i.e., by 


3. Meyer, H., and Ransom, F.: Arch. f. exper. Path. u. Pharmakol. 49:369, 
1903. 

4. Teale, F. H., and Embleton, D.: J. Path. & Bact. 23:50, 1919. 

5. Kobayashi, R.: Kitasato Arch. Exper. Med. 4:217, 1921; M. Science 6: 
406, 1921. 

6. Ranson, S. W.: The Role of the Dorsal Roots in Muscle Tonus, Arch. 


Neurol. & Psychiat. 19:201 (Feb.) 1928. 
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the method of Pollock and Davis.7 When it was necessary to have an accurate 
measure of the rigidity, this was determined by the method that I1* described and 
that is illustrated by figure 9 on page 233 of this article. After decerebration 
the cat was supported in a frame by strings passing through the ligaments and 
muscles on the dorsal side of the vertebral column. The head was supported by 
a bar passing through the mouth which fixed the head firmly at the proper height 
and prevented any lateral rotation and thus eliminated tonic neck and labyrinthine 
reflexes. A spring scale with a capacity of 4 pounds was employed. This was 
placed some distance in front of the hind limb to be tested, and.the foot was drawn 
forward and placed on the scale pan. In this position the thigh was flexed and 
the knee and ankle fully extended. Then the scale was pushed backward along 
the floor of the frame until the foot was in vertical line with the hip joint. This 
produced some flexion of the knee and ankle joints as shown in the figure. Dur- 
ing this backward movement of the scale, the leg exerted an increasing downward 
pressure, the highest pressure being developed just before the backward movement 
ceased. This represented the pressure required to bring the leg to that degree of 
flexion. After the scale became stationary the upward pressure of the spring 
continued to flex the leg, at first rather rapidly and then more slowly; as this 
flexion occurred, the pressure decreased. The pressure was recorded in ounces 
and the time in seconds. Since moving the scale backward into position took but 
a second, readings could not be made of the upward swing of the pressure curve. 
The first reading represented the highest part of the curve and was taken at the 
instant the placing of the scale pan was completed. Subsequent readings were 
taken at fifteen second intervals. Right and left legs were tested alternately. 
Curves constructed from such readings are shown in figure 2. 

All operative procedures were carried out under deep ether anesthesia. The 
steady tonic shortening of the muscles ‘in local tetanus does not appear to be 
painful. Aside from the difficulty in getting about, the cats were comfortable 
and purred contentedly when petted. At the termination of the experiments, 
the cats were killed with ether. 


THE NATURE OF TETANUS RIGIDITY 

It is of interest that the tonic spasms occur in the antigravity muscles, 
e. g., in the extensor muscles of the limbs and in the masseter. The 
muscles involved in the tonic shortening are the same in general tetanus 
as in decerebrate rigidity. Furthermore, these muscles maintain their 
shortened length with little expenditure of energy and a minimum 
carbohydrate metabolism. Frohlich and Meyer* mentioned some 
unpublished observations of Ishizaka, showing that in tetanus the 
metabolism is remarkably low and that there is an increased glycogen 
content in the muscles. Kishimoto, as quoted by Kuré and Shinosaki,® 
found an increased creatine content of muscles in tetanus rigidity. 
Krauss '° stated that in tetanus there is an elevation of the nitrogen 


7. Pollock, L. J., and Davis, L. E.: Studies in Decerebration; An Acute 
Decerebrate Preparation, Arch. Neurol. & Psychiat. 12:288 (Sept.) 1924. 

8. Frohlich, A., and Meyer, H. H.: Zentralbl. f. Physiol. 26:269, 1912. 

9. Kuré, K., and Shinosaki, T.: Ztschr. f. d. ges. exper. Med. 44:791, 1924- 
1925. 


10. Krauss, E.: Klin. Wehnschr. 1:1354, 1922. 
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minimum, increased excretion of creatine, but not a great rise in the 
output of ammonia and uric acid. Tetanus rigidity also differs from 
ordinary contraction in that it is not subject to fatigue. The tonic 
shortening may persist for weeks without ever relaxing. These facts 
suggest that a study of tetanus may throw some light on the still obscure 
problem of muscle tonus. 

The tonic contraction of the muscles in tetanus is of special interest 
for the study of tonus because, according to the best observers, it is not 
accompanied by action currents. This was clearly demonstrated by 
Frohlich and Meyer ' with the string galvanometer. The lead was taken 
from the gastrocnemius muscle of the cat. Although the muscle was in 
steady tonic contraction, the string remained quiet. If, however, the 
shortened muscle was forcefully stretched, oscillations of the string 
revealed the presence of action currents. These were even more evident 
in the spontaneous twitchings which were superimposed on the tonic 
shortening. 

Because of buytendyk’s'' demonstration of action currents in 
decerebrate rigidity, which so closely resembles the rigidity seen in 
tetanus, Semerau and Weiler '* thought it necessary to repeat the work 
of Frohlich and Meyer. These new observations were made on patients 
suffering from tetanus, and a Wertheim-Salomonson string galvanom- 
eter was employed. They led off from the rigid biceps first in a state 
of quiet and did not find action currents. The string remained quiet. 
Then another record was taken from the rigid biceps at a time when the 
patient voluntarily contracted the muscle. As a result of this contrac- 
tion, action currents were clearly visible in the record. The excursions, 
however, were relatively small as compared to those obtained from the 
normal biceps; this, they thought, was due to the fact that the rigid 
biceps went to a maximal contraction not from full relaxation but from 
a condition of tetanus shortening. 

Liljestrand and Magnus** confirmed these observations. They 
injected tetanus toxin into the triceps of a cat; four days later a 
definite rigidity of the forelimb had developed, which persisted during 
light ether narcosis. While the cat was in this stage of anesthesia, 
leads were taken with nonpolarizable electrodes from the hair-free skin 
over the rigid triceps. One electrode was placed over the distal end of 
the muscle, the other over the middle third of the muscle belly. Although 
the instrument was sufficiently sensitive to record through these remote 
leads the electrical potentials developed by the heart beats, the string 
was quiet in the intervals of the electrocardiogram. <A _ second trial 


11. Buytendyk, F. J. J.: Ztschr. f. Biol. 59:36, 1912. 
12. Semerau, M., and Weiler, L.: Zentralbl. f. Physiol. 33:69, 1918-1919. 
13. Liljestrand, G.. and Magnus, R.: Arch. f. d. ges. Physiol. 176:168, 1919. 
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gave essentially the same result. The authors, who elsewhere in the 
same paper present evidence that in tetanus the shortening is a pro- 
prioceptive reflex, were therefore forced to conclude that this reflex 
shortening is not accompanied by action potentials in the muscle. They 
stated definitely that their observations were made in the early stages 
of tetanus before the development of the permanent contracture 
described by Gumprecht.'* In all cases, the rigidity was of central 
origin and disappeared after section of the brachial nerves. This is of 
great importance because, as I have shown elsewhere,’® tetanus toxin in 
sufficient doses induces some obscure alteration in the muscle which 
enables it to retain its shortened length after section of the motor nerve. 
Of course, in this state of contracture, the muscle could not be expected 
to show action currents. 

Kuré and Shinosaki® stated that Fujita obtained action currents 
from muscles showing tetanus rigidity without obvious fibrillar twitch- 
ings. These action currents disappeared when the motor nerve was 
cut, although the rigidity persisted. This last statement shows that 
the muscle was in a state of contracture and was probably so stiff 
that it did not give outward evidence of this motor innervation, which 
at an earlier stage would have given rise to a distinct tremor. Such 
a tremor is not an uncommon feature of local tetanus; and there can be 
little doubt that if electromyograms had been taken of the muscles, 
from which the tremor tracings shown in figure 1 were made, action 
potentials would have been demonstrated. These, however, would be 
the electrical accompaniment of the tremor and not related in any way to 
the rigidity. Action currents, obtained under such conditions, would 
not invalidate the conclusions of Frohlich and Meyer, Semerau and 
Weiler, and Liljestrand and Magnus. 

It may then be taken as satisfactorily established that in the motion- 
less rigidity of tetanus there are no action potentials capable of influenc- 
ing the most sensitive string galvanometer. 

If the attempt were made to produce by stimulation of the motor 
nerves an amount of shortening comparable to that seen in tetanus con- 
tracture, marked action potentials would be developed and fatigue would 
quickly supervene. How is one to account for this steady and tireless 
shortening in tetanus and for the complete absence of action currents? 

Spiegel '® fully realized the difficulties which lie in the way of a 
solution of this problem. It occurred to him that although tetanus 
rigidity was neurogenic there might also be a change in the physico- 
chemical properties of the muscle. Working on the theory that muscle 


14. Gumprecht, F.: Pfluger’s Arch. 59:105, 1894. 

15. Ranson, S. W., and Morris, A. W.: J. Comp. Neurol. 42: 99, 1926. 

16. Spiegel, E. A.: Zur Physiologie und Pathologie des Skelettmuskeltonus, 
3erlin, Julius Springer, 1923. 
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contraction is due to a swelling of the muscle proteids through the 
formation of lactic acid, he compared muscles from a limb in a state of 
tetanus rigidity with those from the control limb as to their behavior in 
weak acids. The amount of swelling was noted and then the amount 
of shrinkage when they were transferred from acid to salt solution. 
He could not detect any difference in the swelling and shrinkage of the 
muscles of the two limbs. 

The absence of action currents in tetanus-rigid muscles suggested to 
Spiegel the idea that perhaps this tonic shortening is maintained by a 
stream of nerve impulses of a special kind which inhibit the relaxation of 
the muscle fibers. The conception that, in addition to the motor impulses 
causing contraction, there are also tonic impulses which prevent relax- 
ation would account for the maintenance of rigidity without measurable 
loss of energy and without fatigue. In order to test this hypothesis, 
Spiegel recorded the contractions of the triceps surae of the rat, accom- 
panying the tracings of simple twitch contractions of normal muscle 
with those of muscle in tetanus rigidity. The electric stimuli were 
applied directly and also through the motor nerve; tests were made both 
while the muscle was still in connection with the central nervous system 
and after section of its nerve. He found that the relaxation phase was 
not prolonged in the contractions of tetanus muscles and that the relaxa- 
tion rate was the same before and after section of the sciatic. This 
makes it improbable, he said, that the rigidity is due to impulses which 
inhibit muscle relaxation. Unfortunately, the tracing which he repro- 
duced in figure 9 was made on a relatively slowly moving drum, was 
not accompanied by a record made by a tuning fork or other time 
record, and is inadequate for the purposes for which it was made. 

Mr. Sams and | found that there is a definite slowing of the rate 
of relaxation of the muscles in tetanus. Tracings were made of brief 
nerve-muscle tetani of the gastrocnemius muscle of the white rat. 
Since the sciatic nerve was divided in each case before the tests were 
made, we cannot say whether the rate of relaxation would have been 
the same before as after section of this nerve. But in our tracings, 
which were made with a rapidly moving long paper kymograph, there 
was a slowing of the rate of relaxation in the tetanus-rigid muscle as 
compared with control muscle of the opposite leg or of normal animals. 
The average rate of relaxation of the gastrocnemius in six normal rats 
was 0.603 mm. per 499 second. In six other rats, the rate of relaxation 
of the tetanus-rigid gastrocnemius varied from 0.433 mm. per “oo sec- 
ond to 0.236 mm. per “%oo second, depending on the degree of rigidity 
which had been developed. 

The amount of shortening during contraction was also decreased in 
the tetanus-rigid muscles. In six normal rats the average shortening 
of the gastrocnemius was 7.52 mm. and in six others the shortening in 
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the tetanus-rigid gastrocnemius varied between 5.87 and 2.66 mm. 
These experiments, which will be published in detail elsewhere, show 
that some change occurs in the muscles in tetanus. The slowing of the 
rate of relaxation and the decrease in the amount of shortening of the 
rigid muscle seems to indicate an increase in viscosity of the sarcoplasm 
or perhaps a stiffening of the entire muscle fiber. 

As Spiegel '® pointed out, the rigidity is not due to the interference 
by tetanus toxin with the reciprocal inhibition which was noted by 
Sherrington.'? Liljestrand and Magnus showed that in the early 
stages of tetanus, active flexion of the elbow is accompanied by relax- 
ation of the triceps. The interference with reciprocal relaxation appears 
later and is secondary to the rigidity that has already developed. 
Spiegel came to the conclusion that the rigidity is due to the continuous 
activity of the anterior horn cells. So long as the demonstration of a 
special type of tonic innervation is not forthcoming in the cases of 
seemingly action-current-free forms of continuous shortening, one must, 
he thought, regard static innervation as differing only in degree from 
kinetic innervation. 

There must be some explanation to account for the steady and tire- 
less shortening in tetanus and for the complete absence of action cur- 
rents. Three possibilities occur to me: 

(1) The theory of Forbes ** that in such tonic contractions the 
individual muscle fibers do not contract in unison but in relays. 

Possibly a group of fibers in a shortened state, either by virtue of their own 
contraction or of those about them, sends to a limited number of motor neurones 
the requisite proprioceptive impulses to establish reflex contraction. The muscle 

bers thus excited may be different from the first group. Synaptic fatigue 
releases these muscle fibers before they become subject to fatigue but meanwhile 
their contraction has reflexly evoked that of a third group. And so the fibers 
may take up the load in rotation and, for some reason by this means attain an 
economy otherwise impossible. 


If one assumes that these successive groups of fibers are at any one 
time in different phases of contraction and relaxation, it is obvious that 
their action potentials would neutralize each other and that the muscle 
as a whole would not have an effect on the string galvanometer (Forbes 
and Cattell,’® and Forbes and Olmsted *°). This theory has gained 
wide acceptance and must be taken into serious consideration, although 
to me it does not seem adequate to explain the freedom from fatigue, 
great conservation of energy and the smallness or complete absence of 
action currents in tonic contractions. 


17. Sherrington, C. S.: Proc. Roy. Soc. Med. 76:269, 1905. 

18. Forbes, A.: Physiol. Rey. 2:361, 1922. 

19. Forbes, A., and Cattell, M.: Am. J. Physiol. 70:140, 1924. 

20. Forbes, A., and Olmstead, J. M. D.: Am. J. Physiol. 73:17, 1925 
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(2) That tetanus rigidity is maintained by special tonic impulses 
which leave the central nervous system along paths other than the fibers 


of the ventral roots (the sympathetic nerves and the dorsal roots have 
been suggested as possible pathways) and that these impulses are 
responsible for tonic contractions. A large part of this article will be 
devoted to the effect of section of the dorsal roots on tetanus rigidity. 
The effect of sympathectomy will also be considered. 

(3) In the case of tetanus rigidity, one must consider the direct 
action of the tetanus toxin on the muscle fibers. One section of this 
article will be devoted to evidence tending to show that tetanus toxin 
has, in addition to its action on the central nervous system, also a 
peripheral action. It seems possible that changes in the muscle, due to 
the direct action of the toxin, may account for the absence of action cur- 
rents in tetanus-rigid muscles. 

According to Frohlich and Meyer,* one must distinguish in tetanus 
between strychnine-like reflex contractions and a steadily progressive 
shortening of the muscles. The two may be combined, but either may 
appear separately. I have found that the first evidence of the action 
of the toxin is an overaction of the extensor muscles of the affected 
limb, whenever the animal is disturbed or attempts to move about; but 
when the animal is resting quietly, the limb relaxes completely. Some 
time later (hours or days, according to the dose and the susceptibility of 
the animal), steadily progressive shortening of the extensor muscles 
begins ; the limb is held continuously in extension and offers a steadily 
increasing resistance to passive flexion. This is the stage of tonic con 
traction. When it is fully developed, all the extensor muscles of the 
affected limb are in continuous contraction, which persists for days 
without relaxation and is not interrupted by fatigue. The condition is 
one of continuous tonic shortening of the extensor muscles, not of 
discontinuous spasmodic contractions, although such contractions may 
be superimposed on the tonic shortening. Under deep anesthesia or 
after section of the motor nerves supplying the part, the muscles relax 
and the limb becomes limp. This stage of tonic contraction is followed 
by contracture. 

When local tetanus reaches the stage of contracture, as it always 
does if a sufficient dose of toxin has been administered, the muscles do 
not relax after section of the motor nerves or after the death of the 
animal. This is not a new observation. It was made by Meyer and 
Ransom,’ in 1903, and has been confirmed by Frohlich and Meyer." 

The sequence of events given in the two preceding paragraphs always 
holds if the toxin is injected subcutaneously. If a fairly large dose 
of toxin is injected into the quadriceps femoris, a contracture due to 
the local action of the tetanus toxin may be the first symptom. 
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| have designated this condition of permanent shortening, which 
persists after all nerve impulses have been cut off by section of the 
motor nerve or the death of the animal, as tetanus contracture. In 
gross appearance there is nothing particularly striking about a muscle 
in tetanus contracture except that it retains, when isolated from the 
body, the shortened and thickened form characteristic of the muscle 
in normal contraction. In the guinea-pig, local tetanus is associated with 
edema; this, however, is not the factor responsible for contracture 
because it 1s not seen in the cat, in which local tetanus and contracture 
are most easily obtained. Microscopic study of the muscles shows noth- 
ing which could account for the permanently shortened condition. After 
contracture has persisted for some time, one finds places in which the 
nuclei have obviously increased in number and in which fibers have 
fragmented into irregular nucleated segments. After a month, there is 
some increase in connective tissue. But these changes are secondary to 
the contracture and are not primary or causal factors. When a suf- 
ficiently large dose is given to cause contracture in from five to seven 
days, the muscles, if removed as soon as contracture has developed, 
show little if any abnormality in hematoxylin and eosin preparations. 
\ more detailed histologic study is in progress. At present, one can 
say with confidence that the contracture is not due to fibrosis or to 
any obvious microscopic changes in the muscle fibers. 

However, since fibrosis can be excluded, some change in the muscle 
fibers must have occurred to make it possible for the muscle to maintain 
its shortened length after all nerve impulses have been cut off by sec- 
tion of the motor nerve or the death of the animal. These changes 
have not, however, been recognized under the microscope. Frohlich and 
Meyer ' said that this represents a simple change in the length of the 
resting muscle. This conception is, however, too simple. It could 
account for the fact, already mentioned, that when such a tetanus-rigid 
muscle is made to contract in a nerve-muscle tetanus, the height of con- 
traction is less than normal, because the contraction starts from the 
already reduced resting length. It could not account for the fact, also 
mentioned before, that the relaxation of such a muscle is slower than 
normal, a fact which seems to indicate some change in the physical 
condition of the muscle fibers which underlies and is responsible for 
the new resting length. 

Elsewhere,® I have suggested that in tonic contraction there may 
occur a gelling or increase in viscosity of the contracted muscle fibers, 
which delays their relaxation. According to this hypothesis, contracture 
would differ from tonic contraction only in that the sarcoplasmic gel 
no longer changes at once into a sol as soon as the nerve impulses are 
interrupted, the gel having become irreversible. Considered in this 
light, tetanus rigidity offers an exceedingly interesting field for the 
study of muscle tonus. 
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Intramuscular injection of procaine hydrochloride causes in some 
manner, as yet not well understood, a relaxation of muscles in the early 
stages of tetanus rigidity; but it remains without effect after contracture 
has developed (Ranson and Morris**). Meyer and Weiler ** reported 
a case of incomplete recovery from tetanus in which the rigidity of the 
abdominal muscles had persisted for years. Injection of 0.02 Gm. 
of stovaine by lumbar puncture did not have any effect on the rigidity, 
although it produced complete anesthesia and paralysis below the fifth 
thoracic segment. The stiffness of the muscles disappeared, however, 
after the injection of from 10 to 15 cc. of 1 per cent procaine hydro- 
chloride into the muscles, a dose which did not impair the direct electrical 
irritability of the muscle. The injection of the same amount of procaine 
hydrochloride into the masseter relieved the spasm of the masseter in two 
other patients with tetanus. The authors concluded that muscle short- 
ening in tetanus is not a contraction called forth from the central 
nervous system but something sui generis. It was their idea that 
procaine hydrochloride leaves the contractility of the muscle unaltered 
but in some way changes its elasticity. 

It is doubtful if Meyer and Weiler completely eliminated the central 
innervation of the rigid muscles by the intraspinal injection, for one 
knows that procaine will not cause muscles to relax which would remain 
rigid after section of their motor nerve (Ranson and Morris **). 

Frohlich and Meyer made an injection of tetanus toxin subcu- 
taneously into the left leg of a cat. After three days, when the left 
gastrocnemius had become short and rigid, they decerebrated the cat and 
injected 3 cc. of 1 per cent procaine hydrochloride both above and 
below the knee in both hind legs. There resulted complete relaxation 
of the right leg and at the hip and knee but not at the ankle of the left 


leg. The left gastrocnemius did not relax. Evidently the dose of pro- 


caine was too small or did not reach the gastrocnemius or else this muscle 
was already in a state of permanent contracture. 

Liljestrand and Magnus ** made a careful study of the action of 
procaine on tonically contracted muscles. In cats weighing 1 Kg. intra- 
muscular injection of. from 0.5 to 1 cc. of 1 per cent procaine hydro- 
chloride into the triceps greatly diminished but did not entirely remove 
the tonus of decerebrate rigidity in that muscle, without altering either 
the active motility or the threshold of excitability of the muscle to direct 
stimulation. The tonic neck and labyrinthine reflexes involving the 
triceps were also retained. After about 6 cc. of the 1 per cent solution 
had been injected, indirect excitability, active movement and the last 
trace of decerebrate rigidity were lost, but the muscle was still directly 
excitable. They also found that the rigidity caused by the intramuscular 


21. Meyer, E., and Weiler, L.: Miinchen. med. Wehnschr., 1916, p. 1525. 
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injection of tetanus toxin was released by the injection of small amounts 
of procaine hydrochloride. They concluded that the tonic shortening 
caused by tetanus toxin is, like decerebrate rigidity, a proprioceptive 
reflex, and that local tetanus is due to an exalted excitability of the 
spinal motor centers which allows the sensory impulses from the muscles 
to cause an exaggerated tonic contraction. The local administration of 
small doses of procaine blocks the sensory fibers from the muscle and 
thus breaks the reflex arc, allowing the rigid muscle to relax. Larger 
doses act by paralyzing the motor terminations. It must not be for- 
gotten, however, that the action of small doses of procaine could be 
explained just as well on Frank’s ** theory of tonus. If tonus is due, 
as that author suggests, to impulses traveling antidromically over the 
sensory fibers to the muscles, these tonic impulses would be blocked and 
decerebrate rigidity and local tetanus would be reduced by doses of 
procaine sufficient to prevent conduction in the sensory fibers. 

It must be emphasized, however, that after contracture has set in 
procaine will not cause the muscle te relax, even when injected in a 
large amount (Ranson and Morris**). This serves as additional evi- 
dence that procaine acts by blocking nerve impulses, either the sensory 
impulses from the muscles (Liljestrand and Magnus **) or antidromic 
tonic impulses (Frank). It does not act, as Meyer and Weiler *' sup- 
posed, by altering the elasticity of the muscle. That its action is on nerve 
fibers rather than on muscle is further demonstrated by the experiments 
of Berard and Lumiére,** who found that, when injected into the 
region of the great nerve trunks, it causes a relaxation of the continuous 
tonic contraction of local tetanus. 

The ease with which tetanus rigidity can be abolished by ether or 
chloroform anesthesia varies with the stage of the intoxication. Frohlich 
and Meyer found that local tetanus in the gastrocnemius of the cat per- 
sisted under ether narcosis after all known reflexes had disappeared. 
Liljestrand and Magnus,’* whose cats were all in early stages of tetanus, 
found that the stiffness of the affected muscle, the triceps, behaved like 
narcosis rigidity. It was present with it and was reduced to a small 
remnant, when with deepening anesthesia the narcosis rigidity dis- 
appeared. They found the last remnant of tetanus rigidity somewhat 
more resistant to anesthesia than narcosis rigidity, but the difference 
was not great. They stated that narcosis rigidity is due to anesthesia 
of the higher brain centers and is therefore analogous to decerebrate 
rigidity. They consider the somewhat greater resistance of tetanus 
to anesthesia due to an exaggerated irritability of the spinal centers. 

22. Frank, E.: Berl. klin. Wehnschr. 57:725 and 728, 1920; Arch. f. exper. 
Path. u. Pharmakol. 90:149, 1921. 


23. Bérard, L., and Lumiére, A.: Bull. Acad. de méd., Paris 78: 582, 1917. 
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The effect of anesthesia on the tonic contraction of tetanus is compli- 
cated by the gradual development, in the later stages of the intoxication, 
of a contracture which is entirely independent of nerve impulses. 
Naturally, this sort of shortening is not affected by anesthesia. But even 
in advanced stages of tetanus contraction, before contracture has devel- 
oped, the rigidity is resistant to ether, much more resistant than narcosis 
rigidity. Sometimes it persists in spite of increasing depths of anes- 
thesia until just before the respirations cease. Frohlich and Meyer ** 
were probably dealing with muscles in the state of contracture, while 
Liljestrand and Magnus used cats in the early stages of local tetanus. 

Many of my cats with local tetanus of the hind limb, caused by the injection 


of tetanus toxin into the quadriceps femoris, showed a fine rapid tremor in the 
rigid limb which I do not remember having seen described elsewhere. Kymograph 


A B 


Fig. 1—Tracings of the tremor sometimes seen in the cat’s leg when affected 
with local tetanus. A, tracing from cat 32, decerebrated four days after the 
injection of 1 cc. of tetanus toxin into the right quadriceps; the upper tracing is 
from the normal left leg and the lower tracing from the right leg. B, tracing 
from cat 29, decerebrated five days after the injection of 1 cc. of tetanus toxin into 
the right quadriceps; the upper tracing is from the normal left leg and the lower 
tracing from the right leg. 


records of this tremor are shown in figure 1. Figure 1 A was made from 
cat 32, which had received 1 cc. of tetanus toxin into the right quadriceps four 
days previously. On the day when the record was made, the right leg was stiff, 
and it required a pressure of 2 pounds, registered with a postal scale, against 
the pad of the foot to flex the knee. The record was taken after the cat was 
decerebrated ; but the tremor was present in the same form before decerebration 
and while the animal was lying quietly on its side in the cage. The lower trac- 
ing in figure 1 A is the record taken from the tetanic right leg. The upper trac- 
ing was taken in the same manner from the opposite leg; it shows the slight and 
irregular downward thrusts of the leg, which are frequently seen in decerebrate 
rigidity, but not the fine tremor exhibited by the tracing from the rigid leg. Fig- 


24. Frohlich, A., and Meyer, H. H.: Miinchen. med. Wchnschr., 1917, p. 289. 
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ure 1 B was obtained in the same manner from cat 29. The upper tracing is 
quite smooth and represents the freedom from movement of the normal leg. The 
fine tremor of the right leg, which had received 1 cc. of tetanus toxin into the 
quadriceps five days before, is illustrated in the lower tracing. 

The tracing represents the upward and downward movements of the pan of 
a postal scale on which the foot was resting and on which it was exerting a 
downward pressure which varied between 27 and 28 ounces. The upward and 
downward movements of the pan, which were recorded in the tracing, represented 
variations of about 1 ounce in the counter pressure exerted by the pan against the 
cat’s foot. The tremor represents a series of rapid rhythmic extensor movements 
of slight extent. Whenever these extensor movements ceased for a few seconds, 
the downward pressure against the pan of the scale decreased, and a correspond- 
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Fig. 2.—Graphic record of the rigidity in the hind legs of cat 29, decerebrated 


five days after the injection of 1 cc. of tetanus toxin into the right quadriceps. 
The broken line indicates the right leg in which the injection was made and. the 
solid line, the left leg used as a control. The rigidity was greater in the leg in 
which injection was made than in the normal leg. 


ing upward movement of the pan and writing lever occurred. These remissions 
allowed the pressure to fall in some instances as much as 4 ounces. 

While such a tremor is not of constant occurrence in local tetanus, it is not 
uncommon. It clearly represents a rhythmic discharge of volleys of motor 
impulses into the extensor muscles. It was never seen until the rigidity had 
already reached a fairly high grade. 


COMBINED DECEREBRATE RIGIDITY AND LOCAL TETANUS 


In a number of cats I have superimposed decerebrate on tetanic 
rigidity and found that after decerebration the rigidity was greater in 
the leg which had received the injection than in the control limb. 
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The results show that when an animal with local tetanus is decerebrated there 
may occur a summation of the two types of rigidity. Figure 2 is a graphic 
representation of the readings of the pressure exerted on the pan of the scale by 
the hind feet of cat 29 which had received 1 cc. of tetanus toxin into the right 
quadriceps five days before decerebration. The solid line is the pressure curve of 
simple decerebrate rigidity in the normal left leg. From an initial pressure of 
49 ounces, it fell in thirty seconds to 37, and then more gradually, reaching 26 at 
the end of four minutes. The dotted line is the pressure curve of the combined 
tetanic and decerebrate rigidity in the right leg. From an initial pressure of 64 
ounces, it fell in thirty seconds to 47, and reached 30 at the end of four minutes. 
The pressure exerted by the injected leg was the greater, indicating a summation 
of the two types of rigidity. The curve shows well how the counter pressure 
exerted by the spring scale causes a gradual flexion of the leg and a corresponding 
fall in pressure. In both tetanic and decerebrate rigidity, | always obtained curves 
of this type—an initial rapid fall in pressure during the first fifteen or thirty 
seconds and then a more gradual drop. The first rapid drop is due to the waning 
of the reflex contraction, initiated by the stretch afferents as the leg is bent when 
the postal scale is pushed into place. The remaining part of the curve, represent- 
ing a slowly declining pressure, may be of the same nature. That is to say, 
it may represent the gradual waning of a prolonged reflex contraction called forth 
by the stretch afferents. Unquestionably, curves of this sort are in part, at least, 
an expression of the myotatic reflex of Liddell and Sherrington.25 I believe, 
however, that, in addition, another factor is involved, namely, the gradual stretch- 
ing of the rigid muscle which behaves like a highly viscous body. This, I 
believe, is demonstrated, so far as tetanus is concerned by the records obtained 
after section of the motor nerves or death of the animal. Figure 3 represents 
such a record taken from cat 54. 

Cat 54 received 1 cc. of tetanus toxin into each quadriceps. The toxin was dis- 
tributed through the muscle by means of a long needle. The injection was made 
six days before the record was taken, and both sciatic and both femoral nerves 
were cut immediately preceding the taking of the record. The curves shown in 
figure 3 represent the resistance to flexion of the rigid hind legs after both 
sciatic and both femoral nerves had been cut. It will be evident that a muscle in 
tetanus contracture, even when completely denervated, offers resistance to any 
sudden stretch but yields slowly to moderate tension when steadily applied. It 
has the properties of a viscous body. If the motor nerve has been cut, the stretch- 
ing produces a permanent deformation; the muscle does not fully return to its 
original length, when released, as it would if the nerve were intact. 

Tetanus rigidity is more resistant than decerebrate rigidity to anemia of the 
bulbar centers. Cat 28, which had received 1 cc. of tetanus toxin into the right 
quadriceps five days previously, died forty-seven minutes after decerebration. 
During the first twenty minutes the cat was in good condition and was rigid in 
all four extremities. In a record taken fourteen minutes after decerebration the 
right hind leg developed an initial pressure of 36 ounces on the postal scale. 
Shortly after this record was taken, the respirations became abnormal; the 
rigidity decreased in the right hind leg and at the same time disappeared entirely 
from the other limbs. In a record taken several minutes later, the right hind 
leg developed an initial pressure of 27 ounces. The cat died seven minutes after 
this record was taken. After death some stiffness remained in the right leg, and 


25. Liddell, E. G. T., and Sherrington, C. S.:° Proc. Roy. Soc. London, 96B: 
212, 1924; Proc. Roy. Soc. London, 97B:267, 1925. 
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it developed an initial pressure of 13 ounces against the scale. The left leg of 
the dead cat developed an initial pressure of 6 ounces, which represented the 
weight of the limb. 

This experiment contains several interesting observations. The 
resistance to flexion in this leg at the beginning of the experiment was 
obviously compounded of three factors: (1) decerebrate rigidity, 
(2) tetanus contraction and (3) tetanus contracture. The first dis- 
appeared at the time when the disturbed respirations indicated the 
development of a bulbar anemia, and the initial pressure which the leg 
could develop dropped from 36 to 27 ounces. The second factor 
disappeared on the death of the animal, but the contracture which 
remained enabled the leg to develop an initial pressure of 13 ounces, 
i. e., 7 ounces more than its weight. 


unces 
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Fig. 3.—Graphic record of the rigidity in the hind legs of cat 54. The broken 
line indicates the deafferented right leg and the solid line, the control leg. This 
record was taken while the cat was under deep ether anesthesia and shortly after 
section of both femoral and both sciatic nerves. The right leg had been deaffer- 
ented seventeen days before, and 1 cc. of tetanus toxin had been injected into both 


quadriceps muscles six days before these records were taken. The records show 
that the rigidity persisted after section of the motor nerves and was somewhat 
greater in the deafferented leg. 


EVIDENCE OF THE PERIPHERAL ACTION OF TETANUS TOXIN 

In local tetanus, the rigidity develops earliest in the muscle which 
receives the injection. This could be explained on the theory of Meyer 
and Ransom that the toxin travels up the axis cylinders of the motor 
nerves, in which case it would first reach the anterior horn cells which 
send impulses to the affected muscle. This, however, does not seem 
an adequate explanation of the speed with which stiffness develops in 
the affected muscle if a large dose of active toxin is distributed widely 
through the muscle by the use of a long needle. This is illustrated by 
the protocol of cat T. 1. 
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Cat T. 1—November 25, 10:15 a. m.: 1 cc. of tetanus toxin was distributed 
through the left quadriceps. 

November 26, 9 a. m.: Marked stiffness of the left quadriceps occurred on 
passive flexion. There was no evidence of reflex tetanus, and the knee remained 
continuously in partial flexion, the leg making an angle of about 140 degrees with 
the thigh. 

November 30: Both hind limbs were rigid. There was moderate resistance to 
passive flexion of the left knee, but less than on November 26. All other joints 
of both legs showed marked resistance to passive flexion. The animal was killed 
with ether. Marked resistance to flexion of the right knee and only moderate 
resistance to flexion of the left knee were found. 


This cat must have been susceptible to tetanus, because in five days 
the intoxication had spread across the spinal cord and involved the motor 
centers for the opposite leg, and even within this short time contracture 
had developed in the noninjected leg. Cats show great differences in 
their susceptibility to tetanus, differences which do not bear any relation 
to the weight of the animal. This was an adult animal, although 
unfortunately its weight was not noted. 

The interesting point in connection with this experiment is the 
development of stiffness in the left quadriceps within twenty-four hours 
after the injection. This seems too quick for the toxin to have traveled 
up the femoral nerve to the spinal cord. Usually, at least three days 
are required for the development of local tetanus. If it were not for 
other things, one might attribute this spread to the susceptibility of the 
animal. In typical reflex tetanus, however, the extensor muscles pass 
through the stage of tonic contraction before they enter the stage of 
contracture; as a result, the limbs are always held in full extension. 
They are not fixed in partial flexion, as was the case in this cat. Further- 
more, it will be noticed that after five days the stiffness in the left knee 
had decreased. It was less than on the day following the injection and 
less than in the knee of the noninjected leg; after the death of the 
animal, it was found that contracture was less marked in the left than 
in the right quadriceps. 

| have noted similar phenomena in a number of instances when 
a large dose of toxin was distributed widely through the quadriceps 
in a cat with low resistance to tetanus. The explanation seems to 
be that the toxin has, in addition to its action on the spinal cord, also 
a peripheral action on the muscle; this causes a stiffening which appears 
to be in the nature of an increase in viscosity of the muscle fibers. It 
has seemed to me that, if this change in the muscle fibers is brought 
about by the peripheral action of the toxin, before reflex tetanus has 
had time to develop and cause a tonic shortening, the muscle becomes 
fixed in a condition of partial contraction. In cat T. 1 the knee was not 
fully extended, which showed that the quadriceps was not in maximal 
contraction at the time contracture developed. The fact that the final 
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rigidity was considerably less on the side on which the injection was 
made than on the control side could be explained on the assumption 
that, when stiffening preceded reflex tonic contraction, as in this case, 
the individual fibers after fixation by the toxin are stretched by the 
contraction of the antagonist muscles. This would weaken the holding 
power of the muscle just as stretching of a muscle in full contracture 
increases its length and decreases its holding power. Ordinarily, the 
entire muscle is held in maximum shortening by reflex tonic contraction 
while the muscle fibers are being set. All the fibers are therefore 
fixed in a shortened state and are not subjected to stretching during 
the process of fixation. 

This rigidity of muscle in tetanus contracture gives rise to an 
apparent paresis. Gumprecht stated that tetanus toxin contains a 
paralyzing principle as well as one which produces tonic contractions. 

Frohlich and Meyer ' found that in warm as well as in cold blooded 
muscle the first symptom of local tetanus is paresis. They thought that 
the central motor innervation was weakened or paralyzed. I doubt if 
one can properly speak of paresis and am sure that the fault lies not 
in the spinal cord or motor nerve but in the muscle itself. In experi- 
ments, which Mr. Sams and I have made with white rats and which 
have been referred to in a preceding paragraph, we noticed in kymo- 
graph tracings of nerve-muscle tetani a progressive decrease in height 
of contraction and slowing of relaxation after injection of tetanus 
toxin. In advanced tetanus contracture, stimulation of the sciatic 
caused only a slight shortening of the muscle. This was not due, how- 
ever, to a defect in the nerve or nerve endings, because the same results 
were obtained by the direct electrical stimulation of the muscle. The 
slowing of relaxation led us to conclude that we were dealing with an 
increasing viscosity which rendered the muscle less mobile than normal. 

As an illustration of this apparent paresis, I give the following 
citation from the protocol of cat 32. 


The right ankle shows only such stiffness as can be attributed to the effect of 
the stiffness in the right knee. In walking and standing the right ankle seems 
weak, bending more than normal under the cat’s weight. 


This apparent weakness of the muscles of the calf may be so great 
that the cat walks with the calcaneus in contact with the floor. (Com- 
pare with the protocol of cat 40 which follows.) This is something 
that is commonly seen after the distribution of a large dose of the toxin 


through the quadriceps femoris muscle. In the cat’s hind leg, in which 
the ankle and knee function together, this weakness of the ankle may 
be only apparent. Extension of the knee automatically brings about 
extension of the ankle. This is due to the fact that the gastrocnemius 
takes origin from the femur and is so short that it is stretched whenever 
the knee is fully extended. Because of this dependence of the ankle 
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on the knee, fixation of the knee in partial flexion as described in the 
protocol of cat T. 1 brings about an apparent paresis of the ankle. 
When one cuts the motor nerve of a muscle, which is in an advanced 
stage of tetanus contracture, it causes surprisingly little movement. In 
cat 30, 1 cc. of tetanus toxin was distributed through the quadriceps ; 
eleven days later the cat was decerebrated. Two hours after decere- 
bration, the femoral nerve was cut without causing much contraction 
of the quadriceps. That this was not due to a true paralysis but to a 
change in the muscle itself has been demonstrated by kymograph trac- 
ings of nerve-muscle tetani. 


Observations like those recorded in the protocol of cat T.1 lead one to look 
for a direct action of tetanus toxin on muscle. In cats 40, 41 and 42, the femoral 
nerve was cut in the right groin with aseptic precautions. Immediately afterward, 
0.5 cc. of tetanus toxin was injected into both quadriceps. The right quadriceps 
remained flaccid in all three cats, but typical local tetanus developed in the left 
leg in each instance. The protocol of cat 40, which is almost exactly like that for 
the other two cats of this series, follows: 

Cat 40.—Weight, 3,260 Gm. April 8, 2 p. m.: The right femoral nerve was 
cut and an injection of 0.5 cc. of tetanus toxin was made into both quadriceps. 

\pril 9, 12 noon: Stiffness was not present in the left leg. The right quadri- 
ceps was flaccid. 

April 11: Considerable resistance was present on flexion of the left knee; the 
right quadriceps was flaccid. 

April 12: There was marked resistance to flexion in the left knee, and none in 
the right knee. The cat was weak in the muscles of the left calf so that it walked 
with the left calcaneus in contact with the ground. 

April 13: A pressure of 2% pounds against the pad of the left foot was 
required to flex the left knee. Resistance was not present to flexion of the right 
knee. 

April 15: There was marked resistance to flexion of the left knee, and none to 
flexion of the right knee. 

April 16, 17, 18 and 21: The condition was like that on April 15. The cat was 


killed, April 21. 


These experiments confirm the generally accepted belief that tetanus 
does not develop in muscles isolated from the central nervous system 
and that the tonic contractions are of central origin. It must be remem- 
bered, however, that under the conditions of these experiments the 
paralyzed quadriceps is being continuously stretched by the action of 
the hamstring muscles and that even if there was a tendency for the 
muscle to shorten, it could not show itself. Although the tonic con- 
traction of tetanus is of central origin, this does not necessarily mean 
that the toxin does not have a peripheral action. 

In tetanus contracture, changes occur in the elasticity and ductility 
of the muscle. When a normal resting muscle, with its motor nerve 
divided but its circulation intact, is made to support a moderate load, 
it undergoes, in addition to an elastic stretch, which disappears promptly 
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when the load is removed, also a more or less permanent elongation 
(Nachdehnung of Blix *° or permanent deformation of Langelaan **). 
The amount of this permanent elongation is an index of the ductility of 
the muscle. 

Normal muscle is not ductile. With the onset of tetanus contracture, 
the ductility at first increases and then decreases. This is illustrated in 
figure 4 which reproduces kymographic tracings obtained by stretching 
the gastrocnemius muscles of white rats. Under urethane anesthesia, 
the gastrocnemius muscle was exposed up to its origin from the femur 
and was freed from all fascial attachments. The sciatic nerve was 
cut, but any damage to the blood vessels supplying the muscle was 
carefully avoided. The tendo achillis was attached to a muscle lever 
by means of a fine copper wire, and the femur was immobilized with a 
clamp. The record obtained from a normal gastrocnemius muscle is 
shown in figure 4+ A. When the pan of the scale, weighing 10 Gm., 
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Fig. 4—Kymographic records of the stretching of the gastrocnemius muscle of 


~ 


20 Gm. intervals. The first downstroke represents the stretching caused by the 
empty scale pan weighing 10 Gm.; the last, that caused by the scale pan containing 
seven 20 Gm. weights. 4 indicates normal muscle; B, muscle showing beginning 
tetanus contracture and C, muscle well advanced in tetanus contracture. 


the white rat by alternately loading and unloading with weights increasing 


was supported from the lever the muscle stretched, recording the first 
downstroke of the tracing; and, when after a minute the pan was lifted, 
the muscle shortened (first upstroke). Then, after a minute, the pan 
of the scale containing a 20 Gm. weight was supported from the lever 
and after another minute lifted again. This was repeated with succes- 
sive additions of 20 Gm. weights until seven had been added. The 
third downstroke of the tracing represents a loading with 40 Gm. and 
the eighth, with 140 Gm. In addition to the elastic stretch from which 
recovery is complete after unloading, the tracing gives evidence of a 
slight permanent elongation. Figure 4 B is a tracing obtained from a 


26. Blix, M.: Skandin. Arch. f. Physiol. 3:295; 4:369; 5:150 and 173, 1892- 
1895. 
J. W. 3rain 38:235, 1915. 
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muscle in which tetanus contracture is just beginning. The permanent 
deformation is much greater than normal, which indicates an increased 
ductility of the muscle ; but the elastic stretch is slightly less than normal. 
Figure + C is a tracing obtained from a muscle in advanced tetanus 
contracture. Both the elastic stretch and the ductility are reduced. 


EFFECT OF CUTTING THE MOTOR NERVE AFTER LOCAL TETANUS 
HAS DEVELOPED 

Since tetanus toxin causes a change in the physical condition of the 
muscle which appears to be in the nature of an increase in viscosity, it 
is necessary to inquire again what is the effect of nerve section 
after tetanus has developed. This will be found to depend entirely on 
the stage reached by the local tetanus before the nerve is divided. This 
will be made evident by a comparison of the protocols of cats 34 and 33. 


Cat 34.—Weight, 3,300 Gm. March 19, 4 p. m.: An injection of 0.5 cc. of 
tetanus toxin was made into the right quadriceps. 

March 20, 1:20 p. m.: There was no resistance to flexion. 

March 21, 1 p. m.: A pressure of 4 pound against the pad of the foot was 
required to produce flexion of the leg. 

March 22,5 p. m.: A pressure of 1 pound was required. 

March 23, 1 p. m.: A pressure of 1% pounds was required. 

March 24, 9:30 a.m.: A pressure of 1% pounds was required to flex the right 


leg. Under light ether anesthesia the right femoral nerve was cut, and the right 
leg immediately became limp 

Cat 33.—Weight 3,360 Gm. March 18: The dorsal roots of the fourth lum 
bar to the third sacral nerves, inclusive, were cut on the right side. An injection 
of 0.5 cc. of tetanus toxin was made into the right quadriceps and distributed 


along the length of the muscle. The injection was made at 3: 10 p. m., immediately 
following the operation. 

March 19, 1 p. m.: There was no resistance to flexion of the right leg. 

March 20, 1:15 p. m.: A pressure of “% pound against the pad of the foot 
was required to flex the right leg. 

March 21, 1 p. m.: A pressure of 4% pound was required. 

March 22, 5 p. m.: A pressure of 1% pounds was required. 

March 23, 1 p. m.: A pressure of 14% pounds was required 

March 24, 10 a. m.: A pressure of 13% pounds was required. 

March 25, 9:30 a. m.: A pressure of 2 pounds was required. 

3 p. m.: The right femoral nerve was cut aseptically. 

March 25, 5:30 p. m.: A pressure of 1 pound was required to flex the right 


March 26: A pressure of 14% pounds was required. 


March 27, 11:30 a. m.: A pressure of 1 pound was required. 
March 28, 11:30 a. m.: A pressure of % pound was required. 
March 29, 11:00 a. m.: A pressure of % pound was required. 
April 7, 1:30 p. m.: The right knee could be fully flexed without resistance. 


April 10: There was no resistance to flexion of the knee. The animal was 
killed with ether. Autopsy showed that the femoral nerve was completely divided. 
When the knee was fully flexed, the quadriceps was put on a stretch and was 
firmer than normal. 


leg 


RANSON—LOCAL TETANUS 683 

The preliminary section of the dorsal roots in cat 33 probably did not 
appreciably alter the result, but this question will be discussed in detail 
in a subsequent section of this article. The point of immediate interest 
in this protocol is the fact that the rigidity persisted for more than 
four days after section of the motor nerve. In spite of the fact that the 
circulation was intact, the change in the muscle, whatever is responsible 
for contracture, persisted for several days after the section of the motor 
nerve. Unfortunately, the amount of atrophy which occurred in this 
animal and in cat 32 was not determined. 


Cat 32 weighed 3,800 Gm. and received 0.5 cc. of tetanus toxin, distributed 
along the length of the right quadriceps. The dorsal roots of the right lumbo- 
sacral plexus were cut on the fifth day after the injection at a time when marked 
rigidity had already developed. After section of the root, the rigidity was 
decreased but did not disappear; during the subsequent days it increased again, 
until on the seventh day a pressure of 24 pounds was required to flex the right 
leg. At this time the femoral nerve was cut aseptically, after which 2 pounds 
was sufficient to produce flexion. This rigid shortening of the muscle persisted for 
at least five days. At the end of that time, a pressure of 1 pound was required 
to flex the leg. Some idea of the type of rigidity with which one is dealing can 
be obtained from an entry made in the protocol of this cat on March 29, four days 
after section of the femoral nerve. 

Cat 32.—March 29, 11 a. m.: The knee was nearly fully extended, and about 
1 pound was required to start the flexion of the knee and 1% 


pounds produced 
two-thirds flexion, the limb yielding gradually under the pressure. As the flexion 
increased, more pressure was required to keep up the same rate of bending. When 
the knee had been brought to a position of two-thirds flexion, if the scale was 
withdrawn just a little, the pressure fell to 4% pound or less, i.e. active contrac- 
tion did not occur nor did the limb spring back into full extension as if the 
muscles were elastic bands. 

March 29, 11:15 a. m.: The leg was again nearly fully extended. Flexion 
could be started with a pressure of % pound, but as flexion progressed, continually 
increasing pressure was required to keep up the bending until 1% pounds was 
required to produce full flexion. 


This record is of interest in that it shows that the rigid muscle 
behaves like a viscous elastic body. Gasser and Hill ** showed that 
normal muscle also possesses the properties of a viscous elastic body. 
In order to have a concrete picture in mind to aid in comprehending 
the changes which have occurred in the muscle, one might think that 
semisolid elastic elements, the myofibrils, for instance, had shortened 
and that at the same time the fluid material, sarcoplasm, for instance, 
had become more viscous. More work must be done on the physical 
properties of muscle in the state of contracture before any rational 
hypothesis can be formulated. Work of this sort is in progress, and the 
foregoing suggestion in regard to shortened myofibrils and more viscous 
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sarcoplasm is offered only in the hope of making clear the problem with 
which one is dealing. 

In the preceding sections of this paper | have attempted to show 
that tetanus toxin has both a central and a peripheral action. I come 
now to the problem, for a solution of which this series of experiments 
was begun, namely, by what route do the nerve impulses responsible 
for the tonic shortening of tetanus reach the muscles? There are three 
possibilities to consider: the sympathetic nervous system, the ventral 
roots and the dorsal roots. 


THE ROLE OF THE SYMPATHETIC NERVOUS SYSTEM IN TETANUS 

Kure and Shinosaki*® found that the creatine content is increased 
in muscles affected with local tetanus. They interpret this as evidence 
that the rigidity is due, in part at least, to a heightened sympathetic 
tonus. Since they found that excision of the lumbar sympathetic nerve 
does not prevent the development of tetanus in the hind limb or cause 
rigidity that is already present to disappear, they concluded that tetanus 
toxin stimulates the endings of the sympathetic fibers in the muscles. 
Liljestrand and Magnus ** showed that removal of the stellate ganglion 
did not cause a relaxation of the triceps, which was in a state of tonic 
shortening due to the intramuscular injection of tetanus toxin. 

My results agree with those of the authors mentioned and show 
that removal of the sympathetic supply for a muscle does not abolish 
tetanus rigidity. One cat received 0.5 cc. of tetanus toxin in the left 
quadriceps and developed a high grade tetanus rigidity. Thirteen days 
after the injection, the trunk of the left lumbar sympathetic nerve was 
removed. After the animal had recovered from the anesthetic, all the 
joints of the left leg were stiff, and noticeable reduction in rigidity 
was not present. Since it is probable, however, that the muscles were 
in a state of contracture when the sympathectomy was performed and 
might not have relaxed even if the motor nerve had been cut, too much 
weight should not be given to the results of this experiment. 

More valuable evidence was obtained from three cats which were 
allowed to recover from left lumbar sympathectomy before the toxin 
was injected. The success of the operation was later checked at autopsy, 
and it was found that in each cat the left sympathetic trunk had been 
removed from a point just below the second lumbar ganglion to the 
brim of the pelvis. This destroyed all connections through the sym- 
pathetic system between the spinal cord and the left hind leg and caused 
a degeneration of the postganglionic fibers going through the femoral 
nerve to the quadriceps extensor muscle. 

Seventy-five days after the removal of the left abdominal sympathetic 
trunk, one of these three cats received 0.7 cc. of tetanus toxin sub- 
cutaneously over the femoral trochanter in both hind legs. On the 
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fourth day after the injection the left leg was slightly more rigid than 
the right, and flexion was so limited that the leg was dragged behind 
in walking. There was some resistance to passive movement, more in 
the left than in the right leg. On the eighth day, when the cat was 
placed on its feet, it could stand, but both legs were held equally rigidly 
extended at the hip, knee and ankle as shown in figure 5. When the 
cat attempted to walk, the hind limbs could not be lifted from the 
ground. The front feet walked away from the hind feet; the cat fell 
on its abdomen and dragged the hind legs as it crawled forward. Both 
legs now offered equal resistance to passive flexion. 

Similar results were obtained in the other two cats. It is clear that 
the muscular rigidity of tetanus is not in any way dependent on the 
sympathetic innervation of the muscles. All preganglionic and post- 
ganglionic sympathetic fibers for the left quadriceps had degenerated, 


Fig. 5—Cat T 8, showing an equal degree of tetanus rigidity in the extensor 
muscles of both hind legs, eight days after the injection of 0.7 cc. of tetanus toxin 
over the femoral trochanter in each hind leg. The left abdominal sympathetic 
chain had been removed seventy-five days before the injection. 


and yet this muscle became as rigid as the opposite quadriceps. Hence 
these experiments exclude the possibility that the toxin acts on sympa- 
thetic nerve endings in the muscle as well as the possibility that it causes 
an increased discharge of tonic impulses from the spinal cord by way 
of the sympathetic system. These results are in keeping with the 
steadily increasing evidence that the sympathetic nervous system is not 
responsible for muscle tonus (Ranson and Hinsey *°). 


THE ROLE OF THE VENTRAL ROOTS IN TETANUS 


In three cats, tetanus toxin was injected into both quadriceps a week 
or more after section of the ventral roots. In each, the ventral roots 
of the fourth, fifth, sixth and seventh lumbar and the first and second 


29. Ranson, S. W., and Hinsey, J. C.: J. Comp. Neurol. 42:69, 1926. 
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sacral nerves were divided. The injections of 0.5 cc. into both quadriceps 
were made in the three experiments seven, thirteen and thirteen days 
after the operation. In two experiments, tetanus did not develop in the 
paralyzed limb; in the third, it did. The two following condensed 
protocols will make clear the nature of these results. 


Car 49.—Weight 2,600 Gm. April 21: The ventral roots of the fourth lumbar 
to the second sacral nerves were divided on the right side. 

April 24: The right hind leg was limp and motionless. 

May 4: Complete paralysis and some atrophy of the right hind leg occurred. 
An injection of 0.5 cc. of tetanus toxin was made into both quadriceps. 

May 5: Signs of tetanus were not present. 

May 6: Signs of tetanus were not present. 

May 7: Moderate stiffness was present in the left leg, but none in the right. 
When the right knee was fully flexed, the quadriceps felt hard and was stretched 
tight. 

May 10: Marked rigidity was present in the left leg, but none in the right. 

Car 50.—Weight, 2,475 Gm. April 21: The ventral roots of the fourth 
lumbar to the second sacral nerves were cut on the right side. 

April 24: The right hind leg was limp and motionless. 

April 28: The right hind leg was completely paralyzed except for some slight 
movement in the flexors of the thigh. 

May 4: The paralysis was the same as it had been on April 28. Some atrophy 
was present. An injection of 0.5 cc. of tetanus toxin was made into both quad- 
riceps. 

May 5: Signs of tetanus were not present. 

May 6: Beginning tetanus in the right leg and marked tonic shortening with 
fibrillar twitching of the quadriceps were present. Tetanus was not found in the 
left leg. 

May 7: The right leg was the same as it had been on May 6. There was 
beginning stiffness in the left leg. 

May 10. Both legs were stiff and fully extended. Fibrillar twitching of the 
right leg had decreased. Autopsy showed that about one-fourth of the ventral 
root of the fifth lumbar nerve had escaped division and that the femoral nerve 
was made up as follows: one-eighth from the fourth lumbar; five-eighths from 
the fifth lumbar and two-eighths from the sixth lumbar. 


In cats 49 and 52, tetanus did not develop in the paralyzed 
leg, but on the third day after the injection the quadriceps felt firmer 
than normal when the knee was flexed. In cat 50, in which a few 
of the motor fibers for the quadriceps had escaped division, although 
the quadriceps had appeared to be paralyzed by the section of the roots, 
tetanus developed even earlier in the paralyzed limb than in the normal 
limb and a high grade of resistance to passive flexion developed. These 
results can be explained on the assumption that tetanus toxin has a 


direct action on muscle. After section of the nerve, the paralyzed 
quadriceps is frequently stretched by the bending of the knee as the 
cat walks. Under these circumstances, the muscle stiffens from the 
direct action of the toxin in a stretched rather than in a contracted 
condition. The few motor fibers left in the left fifth lumbar ventral 
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root were sufficient to bring about a shortening of the muscle, and the 
rigidity developed in a shortened instead of in a stretched muscle. In 
fact, in this case, rigidity developed more quickly on the partially 
paralyzed side. Whether this represents a greater susceptibility of the 
degenerating muscle fibers to the direct action of tetanus toxin must 
remain; for the present, only an interesting question. The interpretation 


just given of the results in this series of investigations on the ventral 
roots does not rest on an altogether secure foundation, and I plan to 
conduct further experiments along the same line. 


THE ROLE OF THE DORSAL ROOTS IN TETANUS 
It has been known for many years that the dorsal roots play an impor- 


tant part in maintaining the tonus of skeletal muscles. In explanation 
of this fact, two theories have been elaborated. The one which is 


generally accepted rests on the epoch-making experiments of Sherring- 
ton 


concerning the sensory fibers of the muscles. According to this 
investigator, the tonus of the skeletal muscles is maintained by a 
proprioceptive reflex, from the muscle through the spinal cord back to 
the same muscle again. Section of the dorsal roots is supposed to 
abolish tonus because this reflex arc is broken. The other theory is that 


of Frank.** According to him, the dorsal roots are of importance in 


muscle tonus not so much because they contain sensory fibers from the 
muscles as because they carry efferent tonic impulses to the muscles. 
I have presented some evidence which seems to be in favor of Frank’s 
hypothesis.® I believe that at the present time neither hypothesis ade- 
quately explains all the facts; this study of tetanus was begun in the 


hope of throwing additional light on the problem. I shall not attempt a 

to review the literature on the relation of the dorsal roots to muscle ty 

tonus, since recent reviews may be found in the paper to which reference 7 


has just been made ® and in a new book by Fulton.* 

In 1892, Antokratow ** found that the rigidity of local tetanus 
could be abolished by destruction of the spinal cord. It also disappeared 
after section of the motor nerves or after section of the dorsal roots. 


g 


His technic for section of the dorsal roots is not given; considering the i 

fact that such careful workers as Lapinsky,** Trendelenburg ** and 1 
Warrington ** found that section of the dorsal roots entailed chroma- . 


30. Sherrington, C. S.: J. Physiol. 22:319, 1898. 
109, 1909. Brain 38:191 and 205, 1915. 
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31. Fulton, J. F.: Muscular Contraction and the Reflex Control of Movement, ‘3 
Baltimore, Williams & Wilkins, 1926, pp. 630. { 
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tolysis of nerve cells in the spinal cord and also some degeneration in 
the anterior and lateral funiculi, one must accept with a good deal of 
reserve results like those of Antokratow purporting to show a depres- 
sion of function of the spinal cord resulting from section of the dorsal 
roots. 

In 1894, Gumprecht '* cut the dorsal roots of the right lumbo- 
sacral plexus and on the next day made an injection of a filtered bouillon 
culture of tetanus bacilli into the anesthetic limb. Twelve days later, a 
second injection was made. Seventeen days after the operation and 
four days after the second injection, the right leg showed beginning 
tetanic rigidity. The stiffness decreased when the animal was resting 
quietly but became marked again when the leg was struck by the hand. 
A few days later, the dog developed general tetanus. This shows that 
section of the dorsal roots does not prevent the development of tetanus 
as Antokratow thought. The symptoms were certainly slow, however, 
in making their appearance; there is nothing to show that, if an equal 
amount of toxin had been injected into both legs, the rigidity might not 
have appeared earlier and been more pronounced in the normal limb. 

After section of the dorsal roots of the right and left lumbosacral 
plexuses of a cat, Frohlich and Meyer ' injected tetanus toxin into the 
left sciatic nerve. Six days later the leg in which the injection had 
been made was stiff and fully extended in typical local tetanus. In 
another cat, they cut the same roots and five days later made an injec- 
tion of tetanus toxin into the lumbosacral part of the spinal cord. 
Tetanus began in both the front and the hind legs fourteen hours after 
the injection ; after two hours more, trismus and opisthotonos appeared. 
The cord was then cut across below the lowest intact dorsal root. All 
signs of tetanus disappeared in the anterior part of the cat. The tonic 
extensor movements of the hind legs continued in spite of the fact that 
all of the dorsal roots connected with the lumbosacral portion of the 
cord had been cut. This experiment would seem to indicate that the 
toxin can cause an irritation of the spinal cord which will produce a 
discharge of the anterior horn cells in the absence of incoming sensory 
impulses, although it is not clear that the sensory impulses coming from 
the tail were excluded. As pointed out by Liljestrand and Magnus, 
there is nothing in these two experiments to show that section of the 
dorsal roots may not delay the development of tetanus. 

To test this idea, Liljestrand and Magnus ** cut extradurally the 
dorsal roots containing the sensory fibers for the left triceps. Ten days 
after the operation, they made injections of equal quantities of tetanus 
toxin into both triceps. Tonic shortening developed in the usual manner 
in the right triceps three days after the injection; but the tetanus toxin 
did not have any effect on the deafferented left triceps. These authors 
concluded that the muscular rigidity of tetanus is produced reflexly by 
afferent impulses coming from the affected muscles and passing through 
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a spinal cord the reflex excitability of which has been increased by the 
action of the toxin. They were fortified in this conclusion by the 
further observation that intramuscular injection of small doses of pro- 
caine hydrochloride abolishes tetanus rigidity ; they attributed this effect 
to a blocking of the sensory impulses from the muscles. In_ both 
experiments, the end-result was the same, i. e., an interruption of the 
proprioceptive reflex arc which they, in agreement with Sherrington, 
believe is responsible for the maintenance of muscle tonus. The fact 
that the injection was made ten days after the operation speaks against 
the result being due to shock, as does also the fact that similar results 
can be obtained by the intramuscular injection of procaine hydrochloride. 
These authors confined their attention to a study of the resistance to 
passive flexion, and as far as their observations go they are correct. 
Under certain conditions section of the dorsal roots does delay, but as 
will be seen it does not prevent, the development of an increased resis- 
tance to passive flexion. 

The conclusions of Liljestrand and Magnus can best be expressed 
in their own words. 


Hieraus folgt, dass die tetanische Muskelstarre ganz oder wenigstens 
croésstenteils ausgelést wird durch afferente Erregungen, die in das (durch das 
Tetanustoxin in den Zustand der Ubererregbarkeit versetzte) Zentralnervensystem 
einstrOmen. 

Durch Hinterwurzeldurchschneidung werden samtliche sensiblen Impulse, die 
von einem Kd6rperabschnitte ausgehen, ausgeschaltet. Durch intramuskulare 
Novokaineinspritzung werden nur die proprioceptiven Muskelnerven voriberge- 
hend (und ohne dass die Méglichkeit von Schock besteht) gelahmt. Da‘ auch 
hiernach (bei unveranderter zentraler und peripherer Motilitat) die Starre ganz 
oder grodsstenteils schwindet, so folgt, dass auch die Tetanusstarre, solange sie 
lokalisiert bleibt und nicht mit allgemeiner Reflexsteigerung gepaart geht, tber- 
wiegend unterhalten wird durch afferente proprioceptive Impulse, welche von den 
starren Muskeln selbst ausgehen. Wir haben also hier grundsatzlich denselben 
Vorgang wie beim Enstehen des normalen Muskeltonus und der Enthirnungsstarre, 
nur dass der Zustand des Zentralorganes Ortlich durch das Gift verandert ist. 


It will be evident from this review of the literature that, although 
section of the dorsal roots may delay, it does not prevent, the develop- 
ment of typical tetanic rigidity. The results of Gumprecht and of 
Frohlich and Meyer cannot be ignored. In my experiments, I have 
tound that section of the dorsal roots actually favors the development 
of the tonic spasms of the extensor muscles during voluntary or reflex 
activity which is the first sign of beginning tetanus. 


EXPERIMENTS ON THE DORSAL ROOTS 


SERIES 1.—In the first series of experiments, the dorsal roots (the 
fourth lumbar to the third sacral, inclusive) were cut intradurally. The 
technic of the operations, which were performed under ether anesthesia 
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and with full asepsis, has been given in detail in another paper.® The 
wounds healed promptly and without infection. The completeness of 
the section of the roots was checked at autopsy. The nature of the 
results can best be made clear by giving in abbreviated form the protocol 
of cat 8. 


Cat 8—Weight, 2,355 Gm. December 23: The dorsal roots of the fourth 
lumbar to the third sacral nerves were divided intradurally on the right side. 

January 15: An injection of 1 cc. of tetanus toxin was made subcutaneously 
over the trochanters in both legs. 

January 17: Signs of tetanus were not present. 

January 18: Extension, abduction and external rotation of the right hind leg 
occurred. When the cat was supported by the neck and tail, the right leg was held 
in full extension at the hip, knee and ankle. There was little, if any, resistance 


to passive flexion in the right leg when the cat was resting quietly. Signs of 
tetanus were not present in the left leg. 

January 19: The right leg showed more pronounced rigidity than on the 
previous day and was held in abduction, extension and external rotation. This 


was evident only when the cat was active; when it was quiet, the right leg could 
be passively flexed with ease. Signs of tetanus were not present in the left leg. 

January 20: The right leg was stiffer than on the previous day when the cat 
was active but relaxed fully when at rest. There was little resistance to passive 
flexion. The left leg was not involved. 

January 21: The condition was the same as on the previous day. 

January 22: A change had not occurred in the right leg. There was beginning 
tetanus in the left leg, which was not properly flexed when the cat attempted to 
walk. This inability to flex the leg was much more marked on the right than on 
the left side. 

January 25: Both legs were stiff. When the cat was set on its feet and 
attempted to walk, the hind legs stiffened out in extension and could not be lifted 
from the floor. The front legs walked away from the hind legs which were 
dragged behind. When the cat was resting quietly on its side, there was little 
resistance to passive flexion in the right leg but a great deal in the left. 

January 28: Increased stiffness was present in both hind legs. When the 
animal was active, there was little difference between the two legs: When the 
cat was quiet there was marked resistance to passive flexion in the left leg while 
the right leg could be flexed easily. 

January 29: The cat could not flex either hind leg. Both hind legs were about 
equally stiff when the cat was active. Even when the cat was resting quietly on 
the side, there was somewhat increased resistance to passive flexion in the right 
leg but much less than in the left leg. 

February 8: The left leg was held more rigidly extended than the right. 
Attempts at passive flexion encountered marked resistance in the left leg and 
only moderate resistance in the right leg. 


Similar results were obtained in the other experiments of this series. 
Figure 6 shows cat 6 seventeen days after section of the dorsal roots 
of the right lumbosacral plexus and six days after the injection of 
0.5 cc. of tetanus toxin subcutaneously over the femoral trochanter in 
each hind leg. At the time this photograph was taken, there was slight 
involvement of the left leg, although not sufficient to show in the photo- 
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graph. On the other hand, the deafferented right leg was in continuous 
tonic contraction and was held in a posture of abduction and full 
extension. 

Figure 7 shows cat 7 twelve days after section of the dorsal roots 
of the right lumbosacral plexus, six days after the injection of 0.1 ce. 
of tetanus toxin subcutaneously over the femoral trochanters in both 
legs, and two days after the injection of an additional 0.5 cc. of toxin 
into each leg in the same location. It illustrates well the tonic spasm 
of the extensor and abductor muscles of the deafferented right leg at a 
time when the cat can flex the left leg without difficulty. ‘Twelve days 
later, both hind limbs were about equally affected except that the 
resistance to passive flexion in the right was less than in the left. The 
cat could not flex either hind leg but had learned to crawl about on 
its front feet dragging both hind legs. 


Figure 6 Figure 7 


Fig. 6.—Local tetanus in the deafferented right leg of cat 6, six days after the 
injection of 0.5 cc. of tetanus toxin subcutaneously over the femoral trochanter 
in each hind leg and seventeen days after section of the dorsal roots of the right 
lumbosacral plexus. 

Fig. 7—Local tetanus in the deafferented right leg of cat 7 six days after 
the injection of equal doses of tetanus toxin subcutaneously over the femoral 
trochanter in each hind leg and twelve days after section of the dorsal roots of the 
right lumbosacral plexus. 


In these experiments, the toxin was injected subcutaneously but 
was placed in close proximity to the abductor muscles of the thigh. 
This accounts for the abduction which is so characteristic a feature of 
the pictures. The toxin could have reached the quadriceps and other 
extensor muscles only through the general circulation. It is impossible 
to say to what extent the toxin acted directly on the extensor muscles, 
but this direct action must have been much less than when the toxin 
was injected into these muscles. These experiments show that under 
certain conditions resistance to passive flexion may develop more slowly 
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in the deafferented limb. ‘This holds true if the toxin is injected subcu- 
taneously several days or weeks after section of the dorsal roots. But 
in some of my experiments to be described later, when the toxin was 
injected intramuscularly immediately after section of the dorsal roots, a 
delay did not occur in the development of resistance to passive flexion. 

It has been seen that resistance to passive flexion may be due to 
a continuous discharge of nerve impulses into the muscle, in which case 
it disappears on section of the nerve; or it may be due to a permanent 
shortening of the muscle, a contracture, which persists after section of 
the nerve. Unfortunately, at the time these experiments were made this 
problem was not clearly defined, and I have not made any observations 
which would enable me to determine whether the resistance to passive 
flexion, which developed late in the deafferented legs, was due to a con- 
tracture or to a persistent discharge of nerve impulses from the spinal 
cord. 

The early development of tonic spasms of the extensor muscles in 
the deafferented legs is not hard to understand. The toxin, on reaching 
the spinal cord, increases the excitability of the anterior horn cells and 
apparently acts selectively on those neurons which innervate the exten- 
sor muscles. An increasing tendency for overaction of these muscles 
results. But the sensory impulses from a limb exert an inhibitory 
influence on the neurons supplying the extensor muscles of that limb ’ 
and are able to prevent the development of these tonic spasms until the 
intoxication is far advanced. The precocious development of local 
tetanus in the deafferented limb seems to be due to the cutting off of 
the inhibitory influence of the sensory impulses from the limb. 

In a study of the “Role of the Dorsal Roots in Muscle Tonus,” 
| showed that within a few days after section of all the dorsal roots 
supplying one hind limb there develops an overaction of the extensor 
muscles somewhat similar to, but less marked than, that caused by 
tetanus toxin. The crossed extensor reflex is easily elicited in the 
deafferented limb by pinching the toes of the opposite foot, something 
which cannot be done on a normal cat. As Sherrington showed, extensor 
reflexes are most easily initiated by stimulation of sensory nerves of 
the opposite limb. Inhibition of extensor responses and initiation of 
flexor reflexes result from stimulation of ipsilateral nerves. For this 
reason one might have anticipated exaggerated extensor responses in 
the deafferented limb, and that is just what I have found. Trendelen- 
burg ** found that after unilateral section of the dorsal root in pigeons 
the wing reflexes are more active in the deafferented wing. He thought 
that this exaggeration of the reflexes in the deafferented wing must be 
due to a loss of normal reflex inhibition. 

This is an extensive subject to which I cannot devote more space 
in this article. I believe that the absence of the inhibitory influence 
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of the ipsilateral sensory impulses accounts for the early development 
of local tetanus in a deafferented limb. 

SeriES 2.—When tetanus toxin is injected into the quadriceps 
extensor muscle immediately after section of the dorsal roots of the 
corresponding lumbosacral plexus, resistance to passive flexion develops 
fully as soon and perhaps sooner than it would have done if the dorsal 
roots had been intact. The muscles go into tetanus contracture within 
a relatively few days after the injection. The nature of the results 
obtained in this series of experiments is indicated in the protocol of 
cat 35. 

Cat 35.—Weight, 3,475 Gm. March 19, 4 p. m.: The dorsal roots of the third 


lumbar ‘to the third sacral nerves were cut on the right side. An injection of 
0.5 cc. of tetanus toxin was made and distributed through the right quadriceps 


March 20, 1:15 p. m.: Resistance to flexion was not present in either leg. 
March 21, 1 p. m.: % pound was required to flex the right leg. 


March 22, 5 p. m.: 1% pounds was required to flex the right leg. 

March 23, 1 p. m.: 13% pounds was required to flex the right leg. 

March 24, 9:50 a. m.: 2 pounds were required to flex the right leg. 

March 25, 9:30 a. m.: 2% pounds was required to flex the right leg. 
10:35 a. m.: The animal was decerebrated. With the cat on its back, the right 
hind leg remained extended somewhat better than the left. 10:50: The cat was 
strung up; all four limbs were stiffly extended; the right hind leg was somewhat 


right hind leg after section of the femoral nerve is plotted in figure 8. 


In cat 35 resistance to passive flexion developed in the deafferented 
leg within two days after the injection, so early that one cannot suppose 
that the previous section of the dorsal roots even delayed its appearance. 
Contracture had supervened within six days, as is shown by the record 
of rigidity after section of the femoral nerve (fig. 8). In cat 54, in 
which injections of equal quantities of tetanus toxin were made into 
both quadriceps, resistance to passive flexion developed just as quickly 
in the deafferented as in the control leg, and the contracture which 


responses and increased resistance to passive flexion. ‘These symptoms 
are similar to but less marked and less constant than those caused by 
tetanus toxin. When the toxin is injected immediately after the section 
of the dorsal roots, it seems possible that the stiffness due to section 
of the dorsal roots and that due to tetanus may combine and result in a 
somewhat precocious development of rigidity. But I have not performed 
any experiments planned in such a way as to prove this point. As I 


extensor muscle. 


less stiff than the others. 10:59: A record was made of the rigidity of the hind } 
legs, which is plotted in figure 8. 1:10 p.m.: The right femorai nerve was cut. a 
There was hardly any contraction of the quadriceps, and an obvious refiex ' 
response was not elicited by cutting the nerve. The record of the rigidity of the i 


supervened was greater in the deafferented leg. Elsewhere, I ®° showed Et 
that during the latter part of the first week after section of the dorsal 
roots the deafferented limb may be hypertonic, with exaggerated extensor 
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have already shown, it is certain that, if the toxin is injected subcu- 
taneously at some distance from the extensor muscles and days or weeks 
after the operation when the spasticity resulting from section of the 
dorsal roots has subsided, resistance to passive flexion develops more 
slowly in the deafferented limb. 

The amount of rigidity developed after decerebration was less in 
the deafferented limb with tetanus than in the normal limb (fig. 8). 
This result must be compared with that illustrated in figure 2, in which 
tetanic rigidity fused with decerebrate rigidity to give higher readings 
on the side on which the injection was made. In cat 35 contracture 
was so far advanced that section of the femoral nerve caused hardly any 
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Fig. 8—Graphic record of the rigidity in the hind legs of cat 35, decerebrated 
six days after injection of 0.5 cc. of tetanus toxin into the right quadriceps and 
section of the dorsal roots of the right lumbosacral plexus. The solid line indicates 
rigidity in the normal left leg; the broken line, rigidity in the deafferented right leg, 
in which injection was made, before section of the femoral nerve; dotted line, 
rigidity in the right leg after section of the femoral nerve. 


contraction and produced little change in the resistance of the right leg 
to flexion, as is clearly shown in figure 8. The fact that in this figure 
the lines representing the rigidity of the right leg before and after sec- 
tion of the femoral nerve are so near together shows that the stiffness 
in this leg was nearly all due to contracture. The muscle was so stiff 
that it did not shorten any more after decerebration 

Similar results were obtained in cat 27 in which an injection of 
1 cc. of tetanus toxin was made into the right quadriceps immediately 
after section of the dorsal roots of the fourth lumbar to the third sacral 
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nerves. Resistance to passive flexion developed in the deafferented 
limb two days after the injection. The cat was decerebrated four days 
after the injection. Immediately after decerebration, while the cat 
was on its back, the right leg was more fully extended and stiffer than 
the left. After the cat was strung up with the legs hanging downward, 
the left hind leg was decidedly more rigid than the right. This differ- 
ence in the rigidity of the two hind legs after decerebration is shown 
clearly in figure 9. The normal leg offered nearly twice as much 
resistance to flexion as did the deafferented limb in which the injection 
was made. The reverse was true after the death of the animal, as shown 
in figure 10, in which the solid line represents the weight of the left 
leg and the dotted line, which is nearly twice as high, indicates the 
presence of contracture in the deafferented right leg in which injection 
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Fig. 9.—Graphic record of the rigidity in the hind legs of cat 27, decerebrated 
four days after the section of the dorsal roots of the right lumbosacral plexus 
and injection of 1 cc. of tetanus toxin into the right quadriceps. The solid line 
indicates rigidity in the normal left leg; the broken line, rigidity in the deafferented 
right leg in which injecti®h was made. 


was made. In this case some decerebrate rigidity was superimposed on 
the contracture, because before section of the femoral nerve the initial 
tension developed in the deafferented leg in which injection was made 
was 28 ounces (fig. 9), while after section of that nerve it was only 
17 ounces (fig. 10). The protocol of cat 33, which has already been 
given, shows the results obtained in another experiment of the same 
series. 

Series 3.—If shortly after local tetanus has developed following 
the intramuscular injection of tetanus toxin the dorsal roots supplying 
the affected leg are severed, the rigidity is decreased or may even be 
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abolished. But it soon reappears and steadily increases in degree until, 
if a good sized dose has been given, contracture supervenes. This is 
illustrated by the protocol of cat 30. 


Cat 30.—Weight, 3,000 Gm. March 13: An injection of 1 cc. of tetanus toxin 
was made into the right quadriceps and distributed through the length of the 
muscle. 

March 16: There was considerable resistance to flexion of the right leg. 

March 18: The right leg was moderately stiff. Flexion could be produced by 
a pressure of 1 pound. The dorsal roots of the third lumbar to third sacral 
nerves were cut on the right side at 10: 50 a. m.; this resulted in the disappearance 
of all but a trace of the rigidity. At 5:50 p. m. there was little stiffness in the 
right leg, but pinching the toes of the left foot caused a vigorous crossed extensor 
reflex. 

March 19, 7:50 a.m.: The right leg was somewhat stiffer than on the previous 
afternoon. It now required a pressure of % pound to flex the leg. 6 p. m.: A 
pressure of 1 pound was required for flexion. 
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lig. 10.—Graphic record of the rigidity in the hind legs of cat 27 taken shortly 
after that shown in figure 9. In the interval between the two records, the cat had 
been killed with ether. The solid line indicates the weight of the normal left leg; 
the broken line, contracture in the deafferented right leg in which injection was 
made. 


March 20, 1 p. m.: A pressure of 14% pounds was required for flexion. 

March 24, 9:50 a. m.: A pressure of 134 pounds was required for flexion. 
11:15 a. m.: Decerebration was completed. While the cat was on its back, the 
right hind leg was stiffer than the left. 11:45 a.m.: The cat was strung up. The 
front legs and the left hind leg were rigid; the right hind leg was only moderately 
rigid; the left hind leg developed an initial pressure of 36 and the right of 21 
ounces on the postal scale. 1 p. m.: The right femoral nerve was cut. 1:15 p. m.: 
The right hind leg developed an initial pressure of 19 ounces on the postal scale. 
Autopsy showed that the femoral nerve had been cut. 


Figure 11 shows cat 30 shortly after decerebration. It shows what 
is also indicated in the protocol, that with the cat on its back the rigidity 
was greater in the leg in which injection was made. So soon after 
decerebration and with the cat on its back, there was little true decere- 
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brate rigidity in the hind limbs; but while the left one drooped, the 
right was held stiffly extended in tetanic rigidity. As is shown by the 
protocol, this rigidity was due almost entirely to contracture because it 
persisted after section of the femoral nerve. 

Similar results were obtained in cat 32, except that immediately after 
section of the dorsal root considerable rigidity remained in the deaffer- 
ented right leg, which had received 1 cc. of tetanus toxin into the 
quadriceps femoris five days previously. Before section of the dorsal 
roots, a pressure of 214 pounds was required to flex the leg. Afterward, 
a pressure of 34 pound was sufficient. Two days later, 234 pounds 
was required. The femoral nerve was then divided, after which a 
pressure of 2 pounds was still required, showing that the muscles were 
in a state of contracture. 


— 


Fig. 11—Appearance of cat 30 shortly after decerebration. The right quadri- 
ceps had received 1 cc. of tetanus toxin eleven days before and the dorsal roots of 
the right lumbosacral plexus had been cut six days before decerebration. 


The foregoing experiments make it evident that section of the 
dorsal roots does not prevent the development of tetanic rigidity, 
although under certain conditions it may delay its appearance, or, if the 
division is made after the rigidity has appeared, it may temporarily 
reduce it. Furthermore, the rigidity progresses until it passes into con- 
tracture, irrespective of whether the dorsal roots are intact or not. 
This demonstrates that the afferent impulses from the affected muscles 
do not play the important role in the genesis of tetanus which was 
assigned to them by Liljestrand and Magnus. Nevertheless, it is just 
these sensory impulses from the muscles which, following Sherrington’s 
lead, one has become accustomed to regard as the reflex cause of steady 
tonic contractions. How can one account for the development of such 
tonic contractions in tetanus after section of the dorsal roots? Probably 
a peripheral action of tetanus toxin, which causes a stiffening of the 
muscle and a slowing of its relaxation, is a factor. This peripheral action 
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of tetanus toxin along with its action on the anterior horn cells is 
probably sufficient to account for the development of tonic shortening 
in the deafferented muscles. 

Before this direct action of the toxin on muscle fibers was recog- 
nized and understood, one felt the imperative need of finding some 
factor to account for the indefatigable tonic contraction of the extensor 
muscles in a deafferented limb involved in local tetanus. I have been 
giving a good deal of thought during the past three years to Frank’s 
hypothesis, that the dorsal roots are important in tonus not so much 
because they contain sensory fibers from the muscles as because they 
convey efferent tonic impulses to the muscles. On Frank’s hypothesis, 
as well as on Sherrington’s, one would expect to find the steady tonic 
shortening of tetanus abolished after section of the dorsal roots. In a 
deatferented limb one would expect only strychnine-like spasms resulting 
from the action of the toxin on the spinal cord. In the explanation of 
the tonic shortening of tetanus after section of the dorsal roots proximal 
to the spinal ganglia, Frank’s theory has the advantage that one might 
postulate a stimulating action on the spinal ganglia or on the axon reflex 
arc which seems to be a necessary implication of Frank’s hypothesis. 
It therefore seemed important to determine whether the spinal ganglia 
and peripheral sensory fibers plaved a role in the genesis of tetanus 
rigidity. 

The removal of the spinal ganglia presents many difficulties in opera 
tive technic, but after several unsuccessful attempts success was obtained 


in a number of cats. In one of these, cat 48, an injection of tetanus 


toxin was made. At the autopsy on this cat what remained of the 
nerve roots was removed, and these roots were later studied micro- 
scopically. This examination showed that the spinal ganglia associated 
with the right lumbosacral plexus had been removed. The fourth 


lumbar nerve had been cut distal to the spinal ganglion and the ganglion 
removed; the fifth lumbar spinal ganglion had been removed, with the 


exception of a few cells; the sixth and seventh lumbar spinal ganglia 
had been completely removed; the first sacral spinal ganglion had been 
largely removed, though about one sixth of it remained. There was 
no evidence of any damage to the ventral roots except the fourth 
lumbar. 


Cat 48.—Weight, 1,860 Gm. April 20: The fifth lumbar to the first sacral 
spinal ganglia were removed on the right side. 

May 4: An injection of 0.75 cc. of tetanus toxin was made into both quad- 
riceps and distributed along the length of the muscles. May 5: Signs of tetanus 
were not present. 

May 6: Increasing overaction of the extensors of the right leg occurred. The 
left leg did not show any signs of tetanus. 

May 7: Tetanus was present in both legs. There was no resistance to passive 
flexion in the right and little in the left. 
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May 8: Tetanus was present in both legs. There was marked resistance to 
passive flexion in the left leg and little in the right. 

May 10: There was marked resistance to passive flexion in both hind legs. 
That in the right leg disappeared almost completely under deep anesthesia, while 
that in the left persisted. 

May 17: Both legs were stiff. Under deep anesthesia, 34% pounds pressure 
was required to flex the right leg. This rigidity persisted after section of the 
right femoral and sciatic nerves. 


Since in this cat the spinal ganglia had been removed and time 
allowed for the degeneration of all the sensory fibers supplying the 
muscles of the hind limb, one may conclude that typical local tetanus 
and contracture can develop in the complete absence of the peripheral 
sensory neurons. Frank’s hypothesis, therefore, does not help one to 
understand the development of tetanus rigidity after section of the 
dorsal roots. The explanation lies rather in the peripheral action of the 
toxin. ‘This experiment shows also that the local action of tetanus 
toxin is not on any hypothetic axon reflex arc formed by fibers the 
cells of origin of which are in the spinal ganglia, because such fibers 
would have degenerated after removal of these ganglia. In this par- 
ticular experiment, the development of resistance to passive flexion was 
delayed by removal of the spinal ganglia just as it was by section of the 
dorsal roots in the first series of experiments. 

In cat 54, in which the removal of the spinal ganglia was not quite 
so complete, rigidity and contracture developed just as quickly on the 
deafferented side, and the rigidity which persisted after section of the 
motor nérves was even more marked on the deafferented than on the 
control side. In this cat, microscopic examination showed that on the 
right side the fourth and seventh lumbar and the first sacral spinal 
ganglia had been completely removed and only a small part of the 
fifth and the sixth lumbar ganglia remained. The dorsal roots had been 
cut from the third lumbar to the third sacral inclusive. The injection 
of 1 ce. of tetanus toxin into each quadriceps extensor muscle was made 
eleven days after the right leg was deafferented. Three days after the 
injection, the two legs showed about the same degree of resistance to 
passive flexion. Six days after the injection, both femoral and both 
sciatic nerves were cut, and subsequent records of the rigidity taken 
under deep ether anesthesia. These records are represented graphically 
in figure 3. They show that contracture was more pronounced on the 
deafferented side. 

In this experiment, although the great majority of the sensory 
fibers for the right leg had degenerated, this leg developed resistance to 
passive flexion just as quickly as, and with a more pronounced con- 
tracture than, the control leg. 

The observations recorded in this paper along with those presented 
by Liljestrand and Magnus indicate that the dorsal roots have some 
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influence on the development of tetanus rigidity. Nevertheless, it is 
evident that there are other factors, such as the peripheral action of the 
toxin, which are of even greater importance. With the information now 
available, it will be possible to plan a series of experiments which will 
throw light on the nature of the influence exerted by the dorsal roots 
on the genesis of tetanus rigidity. 


SUMMARY 


Local tetanus can be studied to advantage in the cat because the 
high resistance to tetanus toxin characteristic of this animal makes 
possible the use of large doses without danger of general tetanus. 

The rigidity seen in local tetanus is of special interest for the 
study of muscle tonus for the following reasons: (1) The same muscles 
are involved as in decerebrate rigidity, i. e., the antigravity muscles; 
(2) the tonic contractions are maintained with a minimum expenditure 
of energy and no fatigue, and are not accompanied by action currents. 

When local tetanus is fully developed, the extensor muscles in the 
affected limb are in a state of contracture and do not relax after all 
nerve impulses have been interrupted by the section of the motor nerve 
or the death of the animal. This contracture is not due to fibrosis nor 
to any change in the muscle fibers which can be recognized with the 
microscope. It must be due to some change in the physical condition of 
the muscle fibers, possibly the formation of an irreversible sarcoplasmic 
gel. Muscles in tetanus contracture show a decreased height of contrac- 
tion and a delayed relaxation. A muscle in advanced contracture is 
only slightly shortened when its motor nerve is stimulated; but this is 
due to changes in the muscle rather than to a paralysis of the nerve 
or nerve ending. 

In addition to its action on the central nervous system, tetanus toxin 
has also a peripheral action, which appears to be exerted directly on the 
muscle fibers rather than on the nerve endings. This causes a change 
in the physical condition of the muscle fiber, which seems to be in the 
nature of an increase in viscosity. It decreases the resistance of a 
muscle against permanent elongation, when the muscle is stretched with 
moderate loads, and is in all probability partly responsible for fixing 
the muscles in a state of permanent contracture. The fact that tetanus 
does not develop in a muscle the motor nerve of which has been cut 
cannot be taken as evidence against this peripheral action of the toxin; 
it shows only that the tonic contractions are of central origin. 

Intramuscular injection of small doses of procaine hydrochloride 
causes a relaxation of muscles in the early stages of local tetanus but 
does not have any effect after contracture has developed. Tetanus 
rigidity is relatively resistant to ether anesthesia but disappears under 
deep anesthesia unless the muscles are already in a state of contracture. 
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If a cat is decerebrated during the early stages of local tetanus, 
tetanic and decerebrate rigidity are combined to give a greater rigidity 
in the leg in which injection was made than in the control:-leg. In the 
later stages, after the muscles have become fixed in contracture, decere- 
bration causes greater rigidity in the control leg than in the leg in which 
injection has been made. 

The sympathetic nervous system does not take a part in the produc- 
tion of the tonic contractions of tetanus. 

Local tetanus does not develop after the section of all of the ventral 
roots supplying the leg in which injection was made. 

If, after a cat has recovered from the unilateral section of the dorsal 
roots of the lumbosacral plexus, equal quantities of tetanus toxin are 
injected subcutaneously over the femoral trochanters into each hind leg, 
the deafferented leg is the first to show signs of tetanus. This takes the 
form of an overaction of the extensor and abductor muscles during 
voluntary or reflex activity. On the other hand, resistance to passive 
flexion develops moré quickly on the normal than on the deafferented 
side. The early appearance of tetanic spasms in the deafferented leg 
is to be explained by the cutting off of the inhibitory influence of the 
sensory impulses coming from the affected leg. 

When tetanus toxin is injected into the quadriceps femoris muscle 
immediately after section of the dorsal roots of the corresponding lumbo- 
sacral plexus, local tetanus with resistance to passive flexion develops 
quickly on the deafferented side. In cat 54, in which injections of equal 
doses of toxin were made into both quadriceps, resistance to passive 
flexion developed just as quickly in the deafferented as in the control 
leg. If, shortly after local tetanus has developed following the intra- 
muscular injection of tetanus toxin, the dorsal roots supplying the 
affected leg are severed, the rigidity is decreased or abolished; but it 
soon reappears and steadily increases in degree. 

Typical tetanus rigidity can develop in a limb which has been com- 
pletely deafferented by removal of the spinal ganglia and the degen- 
eration of all the sensory fibers going to the limb. 

The facts stated in the three preceding paragraphs demonstrate that, 
while the dorsal roots have some influence, they do not play the impor- 
tant role in the genesis of tetanus which has been assigned to them 
by some other investigators. Typical tonic contraction occurs in 
deafferented muscles under the influence of tetanus toxin. This appears, 
at first sight, to be contrary not only to Frank’s hypothesis of the anti- 
dromic conduction of tonic impulses in the dorsal roots but also to 
Sherrington’s conception of tonus as a proprioceptive reflex. The 
occurrence of such tonic contractions in deafferented muscles seems to 
find at least a partial explanation in the direct action of the toxin on the 
muscle fibers. 


GLOSSOPHARYNGEAL NEURALGIA 


SURGICAL TREATMENT, WITH REMARKS ON THE DISTRIBUTION 
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Distribution and Function of the Nerve 

Embryologic development 

Nuclei of origin and termination 
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True glossopharyngeal neuralgia is apparently an extremely rare 
disease. Weisenburg' was the first to describe in detail the irritative 
symptoms of the glossopharyngeal nerve. In a patient having a tumor 
of the cerebellopontile angle, the ninth nerve and part of the tenth 
nerve were found stretched over the growth which compressed the fifth 
nerve. The symptoms referable to the compression of the fifth nerve 
were relieved by partial removal of the gasserian ganglion and by sec- 
tion of the dorsal root of the trigeminal nerve. Pain, however, per- 
sisted and was recognized by Weisenburg as being in the domain of the 
glossopharyngeal nerve. The pain was at the “root” of the tongue, was 
referred to the ear and down the neck, and was associated with burning 
in the throat and a constant sense of dryness. The paroxysms occurred 
spontaneously, or were brought on by eating. No motor weakness of 
any kind was noted, though carefully sought. The irritative symptoms 
of glossopharyngeal origin, excellently described by Weisenburg, corre- 
spond essentially to those seen in true major glossopharyngeal neuralgia. 
Thus, as in trigeminal neuralgia, tumors pressing on the glossopharyn- 
geal nerve may give rise to pain referred to the distribution of that nerve. 
A careful search for organic signs indicative of a lesion of the posterior 
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fossa should be made. The sensory area of the glossopharyngeal in 
the tonsillar region, nasopharynx and pharynx should be tested, since 
in true glossopharyngeal neuralgia, as in true trigeminal neuralgia, 
sensory and motor changes are absent. 

Although trigeminal neuralgia was known to the ancients ( Avicenni, 
1036) and accurately described years ago by Fothergill,? glossopharyn- 
geal neuralgia was not recognized as a clinical entity until Weisenburg’s 
important contribution. Harris * again called attention to “a rare form 
of paroxysmal neuralgia or tic douloureux’’* which affects the 
glossopharyngeal nerve, giving rise to a distinct neuralgic syndrome. 
Until the contributions by Weisenburg and Harris, painful conditions of 
the glossopharyngeal nerve were probably considered as trigeminal 
neuralgia. 

In 1920, Sicard and Robineau ® reported three cases, apparently of 
glossopharyngeal neuralgia, though they considered that the vagus and 
the superior cervical sympathetic were also involved and recommended 
extracranial section of the glossopharyngeal nerve, the pharyngeal 
branch of the vagus and the superior cervical sympathetic in order to 
relieve the pain, failing to recognize the condition as a distinct 
glossopharyngeal neuralgia. They say: “The mucous membrane of the 
palate and pharynx are in the sensory territory of the vagus and 
glossopharyngeal nerves. And if we advise equally excision of the 
sympathetic, it is because we know the role played by the sympathetic in 
the algias.”’ 

Since Weisenburg’s first description, Doyle® has reported four 
cases of true glossopharyngeal neuralgia, Adson* five, Goodyear * one, 
and Dandy * two. Harris described two cases, each of which had lasted 
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5. Sicard and Robineau: \lgie vélie-pharyngée essentielle; traitement 
chirurgical, Rev. neurol. 27:25, 1920. 

6. Doyle, J. B.: Glossopharyngeal Neuralgia, Arch. Neurol. & Psychiat. 
9:34 (Jan.) 1923. 

7. Adson, A. W.: Surgical Treatment of Glossopharyngeal Neuralgia, Arch. 
Neurol. & Psychiat. 12:497 (Nov.) 1924. 

8. Goodyear, Henry M.: Tic Douloureux of the Glassopharyngeal Nerve, 
Arch. Otolaryng. 5:341 (April) 1927. 

9. Dandy, Walter E.: Glossopharyngeal Neuralgia (Tic Douloureux)—Its 


Diagnosis and Treatment, Arch. Surg. 15:198 (Aug.) 1927. 


if 


704 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


for ten years or more—one in a man aged 40, and the other in a woman, 
aged &7. At first he considered the condition an atypical form of 
trigeminal neuralgia and injected the mandibular division, but without 
relief. In a third case’ he tried injection of alcohol into the 
glossopharyngeal nerve as it made its exit through the jugular foramen. 
The first two cases presented by Doyle and Adson were also mistaken 
for trigeminal neuralgia. Section of the dorsal root of the trigeminal 
nerve was done in one and the trigeminal nerve was injected with alcohol 
in the other, without relief from pain. 


Figs. 1.—Patient seven days after subocciptal craniotomy and section of dorsal 
root of the glossopharyngeal nerve for glossopharyngeal neuralgia. The single 
curved line of the incision should be noted. 


SYMPTOMS OF GLOSSOPHARYNGEAL NEURALGIA 

In nearly all of the reported cases of true glossopharyngeal neuralgia 
the attacks have been paroxysmal, with sudden severe pain beginning in 
the throat, at the base of the tongue and in the region of the tonsils, 
radiating to the area in front of the ear and, in some instances, down 
the neck. Pain occurs spontaneously, but is brought on by swallowing, 
eating or by touching the base of the tongue or tonsillar region. It is 


described as sharp, stabbing and stinging. In my case, the attacks were 


10. Harris, Wilfred: Neuritis and Neuralgia, London, Oxford University 
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more frequent and more severe than is usual in major cases of trigeminal 
neuralgia. They were associated with a feeling of dryness of the mouth 
on the same side as the pain—an extremely interesting symptom to 
which further reference will be made. So typical and so outstanding 
are these attacks that once the condition has been seen and recognized as 
glossopharyngeal neuralgia, a mistaken diagnosis is not likely to be 
made. 
TREATMENT OF GLOSSOPHARYNGEAL NEURALGIA 

Because of the position of the glossopharyngeal nerve and its close 
relation to the vagus, the cervical sympathetic and to the hypoglossal, 
injection with alcohol would not be advisable even were this measure 
of greater value than it is in trigeminal neuralgia, since recurrence of 
pain almost invariably occurs. Operation is, therefore, the method of 
choice. 

Adson performed three peripheral operations on the glossopharyn- 
geal nerve, attacking the nerve in the neck below its exit from the 
jugular foramen. At the time of his report, he had not performed 
section of the dorsal root of the glossopharyngeal nerve, though he 
stated that, were he to operate again, section of the dorsal root through 
a hemisuboccipital craniotomy would be his method of choice. 

The first section of the dorsal root of any of the cranial nerves of 
the posterior fossa for relief from pain was done by Alfred S. Taylor of 
New York," who, after performing a semisuboccipital craniotomy, cut 
the dorsal afferent root of the seventh nerve for geniculate ganglion 
neuralgia with complete ablation of pain. Fay ** cut the dorsal root of 
the glossopharyngeal nerve and the second and third cervical nerves for 
relief from pain in a case of inoperable carcinoma of the tongue and 
tonsil. Unfortunately, however, the presence of the neoplasm prevented 
the drawing of conclusions concerning the distribution of the glosso- 
pharyngeal nerve in the region of the tongue and tonsil, and the coinci- 
dent section of the second and third cervical nerves, owing to their 
overlapping in the region of the ear, rendered it impossible to determine 
the cutaneous sensory supply of the glossopharyngeal nerve about the ear. 

The only type of operation for glossopharyngeal neuralgia should 
he section of the dorsal root, in conformity with the well established 
principle for surgical treatment of trigeminal neuralgia. Peripheral 
operations on the trigeminal nerve have long been abandoned as unsatis- 
factory, since recurrence of pain takes place, with or without regenera- 


11. Taylor, Alfred S.: True Tic Douloureux of the Sensory Filaments of the 
Seventh Nerve Cured by Physiological Extirpation of the Geniculate Ganglion, 
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tion. The only permanently successful surgical procedure in this con- 
dition has been section of the dorsal root, and this will similarly prove 
the only successful procedure for glossopharyngeal neuralgia. When 
dorsal root section is properly performed, relief from pain is_per- 


manent, and regeneration does not occur. 


EXPOSURES AND IDENTIFICATION OF THE NERVE 


Both Adson and Dandy have recommended hemisuboccipital 
craniotomy for section of the dorsal root of the glossopharyngeal 
nerve. I, however, think that the midline of the cerebellum should be 
uncovered so as to make it possible to deal adequately with any bleeding 
which may occur. For this reason, I prefer either a single curved 
incision without the midline incision, with a partial bilateral suboccipital 
craniotomy, or a single midline suboccipital craniotomy. In either of 
these exposures the midline is brought into view, so that any com- 
plications can be dealt with adequately. When the exposure is 
inadequate, even relatively slight bleeding from small venous emissary 
veins may be extremely dangerous because of the proximity of the 
medulla and its important centers. Hence, even though bleeding 1s 
unlikely and usually can be avoided, the surgeon should be in a position 
to handle it immediately, and this cannot be done unless a_ partial 


bilateral exposure has already been made: To extend the opening 


across the midline, remove the bone of this region and open the 


dura requires considerable time. To attempt this in the face of 
uncontrollable bleeding about the medulla is a hazard to which the 
patient should not be exposed. 

Special description of the technic is not required, since among 
neurologic surgeons the approach to the posterior fossa is already prac- 
tically a standardized procedure, varying only in the type of incision 
used. After the dura is opened, the cerebellum is protected with cotton. 
The arachnoid should not be opened even to diminish the pressure, since 
by leaving the arachnoid intact, the cerebellar cortex is protected and 
blood is prevented from coming in direct contact with the medulla 
and the medullary centers. Only a few minutes are required to release 
the pressure by puncturing the cerebral ventricle. If this is done, the 
whole suboccipital exposure may be done as an extra-arachnoid pro- 
cedure (figs. 2 and 3). 

In my case, the lateral ventricle was tapped to relieve pressure in the 
posterior fossa, in order that displacement of the cerebellar hemisphere 
might be done with the least traumatism to the cerebellum. The dura 
was opened across the midline to make room for displacement of the 
cerebellar lobe during retraction while the jugular foramen and its nerves 
were brought into view. While it is appreciated that opening the dura 
across the midline may not be necessary, and that a small opening in the 


Fig. 2—Partial bilateral suboccipital craniotomy through a single curved inci- 


sion. The cerebellar dura is exposed and the dorsal third of the foramen magnum 
has been removed. Retraction of the cerebellar hemisphere has been facilitated by 
puncture of the lateral ventricle. 


Fig. 3.—Same as figure 2. The dura is opened and the cerebellum is retracted, 


bringing into view the nerves of the internal auditory meatus and the jugular 
foramen. The basal cistern is not opened, thus leaving the arachnoid intact. 
Blood therefore does not come in direct contact with the medulla, which is pro- 
tected by the intact arachnoid membrane. 
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lateral part of the dura may be all that will be required, nevertheless, 
until a greater number of cases have been seen, an adequate exposure 1s 
desirable in order to rule out the presence of any gross lesion, such as 
a tumor or other pathologic process. 

Identification of the glossopharyngeal nerve is relatively simple 
because of its position at the jugular foramen, being the most rostrad 
of the three nerves entering the foramen. In order that no mistake 
may be made, however, the facial, the nervus intermedius and nervus 
acousticus, at the internal auditory meatus, should be identified. With 
these in view identification of the glossopharyngeal nerve is more certain. 
The root of this nerve is made up of a single bundle, while that of the 
vagus, immediately caudal, contains a number of bundles. The glosso- 
pharyngeal root can easily be separated from the adjacent nerves and 
evulsed, with little if any bleeding, by passing a small blunt hook under 
it, or section can be performed with a sharp instrument. Just caudal 
and lateral to the jugular foramen will be seen a small emissary vein 
which need not be clipped if care is taken to avoid it. 


DISTRIBUTION AND FUNCTION OF THE NERVE 

The distribution and function of the glossopharyngeal nerve have 
not been definitely determined, since, until recently, isolated paralysis 
of this nerve has practically never been seen. Oppenheim ** has pointed 
out that pathologic conditions limited to this nerve have not been 
observed. In an admirable historical study of the glossopharyngeal 
nerve, Dana ** says: “It has no tic, or palsy, or algia, receiving only dis- 
regard and aloofness from surgeons and clinicians.” Nevertheless, 
important physiologic deductions have been made from studies of 
herpetic conditions of the nerve, notably by J. Ramsay Hunt?’ who, 
from the distribution of the herpetic eruption, was able to deduce the 
presence of cutaneous fibers from the ninth nerve to the skin of the 
cleft between the ear and the mastoid. Orbison*® believed that an 


herpetic eruption on the tympanic membrane was due to disease of 


13. Oppenheim, H.: Nervous Diseases, Edinburgh, T. H. Foulis, 1910, vol. 1, 
p. 495. 


14. Dana, C. L.: The Story of the Glossopharyngeal Nerve, and Four Cen- 
turies of Research Concerning the Cranial Nerves of Man, Arch. Neurol. & 
Psychiat. 15:675 (June) 1926. 

15. Hunt, J. Ramsay: Herpetic Affections of the Geniculate Ganglion and Its 
Divisions, Tr. Am. Neurol. A. 32:185, 1906; J. Nerv. & Ment. Dis. 34:73, 1907; 
The Symptom-Complex of the Acute Posterior Poliomyelitis of the Geniculate, 
Auditory, Glossopharyngeal and Pneumogastric Ganglions, Arch. Int. Med. 5: 
(June 15) 1910. 


16. Orbison, T. J.: Herpes of the Membrana Tympani: Due to Zosteriod 
Affection of the Petrosal Ganglion, J. Nerv. & Ment. Dis. 35:500, 1908. 
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the petrosal ganglion, and Neve‘? observed an eruption over the left 
half of the soft palate, with pain behind and below the left ear and 
down the left side of the neck, which he attributed to herpes zoster of 
the glossopharyngeal nerve. 

A number of tumors and aneurysms compressing the ninth nerve 
have been described, but unfortunately other nerves were simultaneously 
compromised, so that accurate deductions of the distribution of the 
glossopharyngeal nerve were not possible. The same may be said 
of extracranial injuries or injury of the ninth nerve as it leaves the 
skull through the jugular foramen, the adjacent nerves being 
so intimately related in position and function that they also are involved. 
Vernet,'® in describing the syndrome of the jugular foramen due to 
injury of the ninth, tenth and eleventh nerves, considers the vagus nerve 
as purely sensory, devoid of motor function, and attributes to the ninth 
nerve an extensive motor supply of the pharynx, a view which Sicard 
and Robineau, and others have apparently accepted. In an earlier 
paper ** Vernet described, under the term “le mouvement de rideau,” 
paralysis of the dorsal wall of the pharynx with deviation of the 
dorsal wall to the opposite side due to paralysis of the ninth nerve. 
The only instances, however, in which I have seen le mouvement de 
rideau have been when the vagus has been paralyzed, and I, therefore, 
consider it a sign of vagus and not of glossopharyngeal paralysis. 
Unless an isolated paralysis of the ninth nerve is present and injury 
to adjacent nerves is precluded, accurate deductions concerning the 
function of the ninth nerve cannot be made. 

Furthermore, as pointed out by me on an earlier occasion,” Vernet’s 
interpretation of the functions of the ninth and tenth nerves is untenable 
both clinically and anatomically. The vagus is not purely a sensory 
nerve but definitely contains motor fibers from the nucleus ambiguus 
and from the dorsal preganglionic motor nucleus of the vagus, as well as 
the accessory portion of the spinal accessory nerve derived from the 
most caudal part of the nucleus ambiguus, sometimes referred to as 
dinger’s nucleus, or the laryngeal nucleus the fibers of which enter the 
vagus as the nerve lies within the jugular foramen. When Vernet con- 
siders the vagus “comme avant une nerf entierement sensitif,” uncon- 


17. Neve, G. T.: Herpes Zoster of the Glossopharyngeal Nerve, Brit. M. J. 
2:630, 1919. 


18. Vernet, Maurice: Syndrome du trou dechiré posterieur, Rev. neurol. 34: 
117, 1918. 

19. Vernet, Maurice: La paralysie du glossopharyngien, Paris méd. 18:55], 
1916. 

20. Stookey, Byron: Multiple Cranial Nerve Paralysis—Syndrome of the 


Retroparotid Space with Special Reference to a Dual Efferent Innervation of 
the Facial Musculature, J. Nerv. & Ment. Dis. 57:529, 1923. 
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cerned with the innervation of the pharyngeal or laryngeal musculature, 
he apparently ignores c ympletely the neurohistology of the brain stem, 
which leaves no doubt concerning the motor components of this nerve. 

[ have had an opportunity to study the distribution and function 
of the ninth nerve in a patient in whom I| performed an isolated intra- 
cranial section of this nerve, my case and two reported by Dandy being 
the only three cases thus far recorded so far as I am aware in which 
this procedure has been carried out. Dandy’s conclusions and my own, 
however, differ in some particulars, so that further study is required 
and perhaps a larger series of: cases are needed before the question 
of the anatomic distribution of this cranial nerve can be finally settled. 
Certain observations in taste have made this matter of particular 
interest, and it is therefore being reserved for a more detailed study. 


EMBRYOLOGIC DEVELOPMENT 

Embryologically, the ganglions of the glossopharyngeal nerve are 
derived from the ganglionic crest, as are all of the spinal nerves. The 
ganglion of the trunk of the glossopharyngeal, however, as well as that 
of the vagus, differs from the ganglions of the spinal and other cranial 
nerves in that it comes to lie in close contact with the overlying skin. 
Thickening of the skin takes place, forming an epibranchial placode, and 
this fuses with the underlying distal ganglion of both the ninth and the 
tenth nerve. Thus the root ganglions of the ninth and tenth nerves are 
derived wholly from the ganglionic crest, whereas the ganglions of the 
trunk, or distal ganglions, probably have incorporated in them a part 
of the epibranchial placode. The epibranchial placodes are remnants of 
the primitive organs of taste, which in fishes are distributed along the 
surface of the body. 


NUCLEI OF ORIGIN AND TERMINATION 

The central arms of the fibers of the glossopharyngeal ganglions 
reach the brain stem medial to the restiform body and divide into ascend- 
ing and descending arms, forming part of the tractus solitarius, to end 
on the nuclei in association with this tract, which serves in the main 
visceral sensation and taste. Cajal *' has shown that a few fibers leave 


the entering glossopharyngeal bundle in the brain stem to pass to the 


descending spinal fifth tract. These fibers presumably carry somatic 


sensation, possibly through the contribution of the glossopharyngeal to 
the posterior auricular branch of the vagus nerve, known as Arnold’s 
nerve. 

The efferent fibers are derived from the nucleus ambiguus and from 
the inferior salivary nucleus. The fibers from the nucleus ambiguus 


pass to the stylopharyngeus muscle, the palatopharyngeus in the arch 


Cajal, S.: Histoire du systéme nerveux, Paris, A. Maloine et fils, vol. 1. 
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of the posterior pillar, and the palatoglossus in the arch of the anterior 
pillar of the fauces, while the preganglionic salivary fibers reach the otic 
ganglion through the tympanic branch and thence are relayed to the 
parotid gland. 

Thus, anatomically, the glossopharyngeal nerve is made up of. both 
somatic and splanchnic afferent fibers and splanchnic efferent fibers 
to striate musculature (originally visceral, derived from the lateral 
mesoderm, and having become striate only secondarily )—the stylo- 
pharyngeus palatopharyngeus, and palatoglossus—and, in addition, pre- 
ganglionic efferent fibers to the parotid gland. 
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lig 4.—The muscles of the palate supplied by the glossopharyngeal nerve 
shown in black with cross hatching, namely, the pharyngopalatinus and glosso- 
palatinus muscles (modified after Spalteholtz). 


MOTOR AND SENSORY EFFECTS OF SECTION OF THE NERVE 


In studying the motor and sensory changes after section of the ninth 
nerve, | was delighted to find the motor changes inconsequential and 
extremely limited, indicating that section of the glossopharyngeal root 
can be done with little if any motor inconvenience to the patient. In the 
first place, deviation of the pharynx was not noted. The mouvement de 
rideau, described by Vernet as pathognomic of injury to the ninth nerve 
and paralysis of the superior constrictor, was not present. The dorsal 
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wall of the pharynx moved equally well on both sides, without deviation. 
Difficulty in swallowing liquids was not experienced. Slight difficulty 
in swallowing solid food, such as dry toast, was complained of at first. 
This, however, soon disappeared, and the patient was able to swallow 
as well as before operation. It thus becomes evident, since deviation 
of the pharyngeal wall was not found and swallowing was not per- 
manently impaired, that the ninth nerve is not the principal motor 
nerve of the superior constrictor muscle of the pharynx, as held by 
Vernet. The temporary weakness of the superior constrictor following 
the operation may be interpreted as indicating that the ninth nerve may 
contribute a small twig but certainly not the total innervation of that 
muscle. The only evidence of permanent motor weakness is a lowering 
of the palatal arch on the side of the operation. Elevation of the 
palate is equal on the two sides, but at rest the arch on the side of 
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Fig. 5.—The muscles of the palate supplied by the glossopharyngeal nerve 
shown in black with cross hatching, namely, the pharyngopalatinus and glossopala- 
tinus muscles (modified after Spalteholtz). 


the operation sags. This may be taken to suggest that the palato- 
pharyngeus and palatoglossus muscles forming the posterior and 
anterior arch of the fauces are supplied by the ninth nerve. The 
stylopharyngeus muscle, supplied by the ninth nerve, fuses and becomes 
continuous posteriorly with the palatopharyngeus muscle, and relaxa- 
tion of it may contribute in part directly to the relaxation of the 
palatopharyngeus (figs. 4, 5 and 6). 

The afferent supply of the glossopharyngeal is extremely interesting. 
Anesthesia was found in the region of the eustachian tube, the naso- 
pharynx, soft palate, uvula, tonsil, tonsillar pillars and base of the 
tongue and on the dorsal wall of the pharynx as far as the epiglottis and 
probably somewhat caudal to it. The anterior wall of the pharynx could 
not be tested with sufficient accuracy to make possible definite conclu- 
sions as to its supply, but the rather inadequate examination possible in 
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this region would seem to indicate that it, too, is supplied by this nerve 


(figs. 7, 8 and 9). ! 

Examination of the external ear did not reveal sensory loss of any 1 
kind, behind the ear, over the ear or in the external auditory meatus i 
or canal. The skin of the auricular region was examined with minute 4 
care, but a change in any area, however small, could not be detected. f 


This is not strange in view of the embryologic development of the 
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Fig. 6.—The muscles of the palate and pharynx supplied by the glossopharyn- 
zeal nerve shown in black with cross hatching, namely, the stylopharyngeus, 
pharyngopalatinus and in part the superior constrictor muscle (modified after 
Spalteholtz ). 


external ear with the condensation and overlap of adjacent areas which 
have taken place here. 


Sherrington ** has stressed the overlapping distribution of the more : 
cephalic spinal nerves in the ape, and the gradual reduction in the area i} 


22. Sherrington, C., quoted from Kapper: Vergleichende Anatomie des Nerven- 
systems, Haarlem, Netherlands, de Erven F. Bohn, 1920. 
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which they supply, and more recently this has been clearly shown by 
Freeman ** in his study of the usurpation of the cervical area by the 
trigeminal nerve. 

Embryologically, the hillocks giving rise to the tragus and helix 
develop from the mandibular arch, and these should therefore be under 
the domain of the trigeminal, whereas the hillocks giving rise to part 
of the helix, antihelix, antitragus and lobulus probably develop from the 


Frontal sinus 


Sella turcica 


Sphenoidal 

sinus 
Limen 

vestibuli 


Naso-phary yngeal 


Fossa of Rosenmiller 
Eustachian tube 
—— Pharynzeal tonsil 
— Salpingo-palatine fold 


Salpingo 


Oral vestibule . 
pharyngeal fold 


BR OX 


Pterygo-mandibular fold 
Anterior pillar of fauces — ; 

Faucial tonsil 
Posterior wa f 
‘ pharynx 


Palato-pharyngeal 
fold 


& Pharyngo-epiglottic 
fold 


(Genio-glossus —+— 
Epiglottis 

Genio-hyoid 
Hyoid bone 


Cuneiform tubercle 


Mass of fat tbercle of Santorini 


Fig. 7—The nasopharyngeal sensory field of the glossopharyngeal nerve, shown 
in black. Photographs from Piersol. 


hyoid arch and should accordingly be under the domain of the seventh 
nerve. In a structure in which such extensive overlapping and conden- 
sation occur, it is not surprising to fail to find any apparent loss when 
the contribution from only one of the nerves is destroyed. Indeed, 
destruction of even two nerves, as the fifth and seventh, result in only 
limited area of cutaneous disturbance about the ear. 

Freeman, Walter: The Radix Spinalis Trigemini and the Principle of 

Usurpation, Arch. Neurol. & Psychiat. 15:607 (May) 1926. 
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In this connection my observations are not in complete agreement 
with those of Freeman, who believes that the cutaneous innervation of 
the major portion of the anterior surface of the ear is supplied by the 
fifth and seventh nerves. In the one case that I have had an opportunity 
to study, the loss following destruction of these two nerves was much 
less than that found by Freeman; nor have | been able to substantiate 
Freeman’s conclusions concerning the area supplied by the ninth nerve. 
He believed that a substantial part of the dorsal surface of the ear is 
supplied by the ninth nerve, whereas | have been unable to determine any 
sensory loss in that region following intracranial section of the nerve. In 
view of J. Ramsay Hunt's investigations of the herpetic zone of the ninth 


Fig. 8—The palatal and lingual sensory field of the glossopharyngeal nerve, 
shown in black. Photographs from Piersol. 


nerve, this does not mean necessarily that cutaneous fibers from the 
ninth nerve do not enter into the supply of the auricular region, but that 
section of only one of the nerves serving this area does not produce any 
apparent loss. Investigation of the cutaneous supply in regions in which 
overlapping of the nerve is so marked is better based on studies of the 
herpetic areas, as already done by J. Ramsay Hunt, than on anatomic 
section. 
SUMMARY 

1. The syndrome of glossopharyngeal irritation was first described 
by Weisenburg in 1910 and 1911. Weisenburg recognized that glosso- 
pharyngeal neuralgia must be distinguished from trigeminal neuralgia. 
Eighteen cases have since been reported, in only three of which, including 
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the case reported in this article, intracranial section of the dorsal root 
was done. 


2. Once recognized, the symptoms of glossopharyngeal neuralgia are 


clearly distinguishable from those of trigeminal neuralgia. The 
paroxysms are characterized by sharp, shooting pain of overwhelming 
intensity, which begins in the region of the tonsil and base of the tongue 
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Anterior portion of head has been removed by frontal section passing through plane of posterior nares; the soft 
palate cut in mid-line and turned aside, exposing posterior wall of pharynx; tongue drawn forward and downward. 


Fig. 9—The nasopharyngeal, palatal and lingual sensory field of the glosso- 
pharyngeal nerve shown in black. Seen in frontal section. Photographs from 
Piersol. 


and is referred-to the region of the ear, usually in front of the ear and 
occasionally down the neck. 

3. Intracranial section of the dorsal root will give complete and 
permanent relief in this condition. An intradural, extra-arachnoid 
approach through a single incision and partial bilateral suboccipital 
craniotomy is suggested the best procedure. 
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4. The motor and sensory effects of intracranial section of the dorsal 
root of the glossopharyngeal nerve are practically without clinical sig- 
nificance to the patient. Subjective signs of section of the nerve are not 
compained of, and relief from pain is complete. 

>. The glossopharyngeal nerve supplies the  stylopharyngeus, 
palatopharyngeus and palatoglossus muscles with a slight innervation to 
the superior constrictor. In addition, preganglionic fibers pass through 
the otic ganglion to the parotid gland. 

6. “Le mouvement de rideau” as a pathognomic sign of glosso- 
pharyngeal paralysis was not found. “Le mouvement de rideau” is a 
sign of vagus paralysis and not glossopharyngeal paralysis. 

7. The glossopharyngeal nerve contains somatic and splanchnic 
afferent fibers as well as fibers serving taste. The peripheral arms of 
the somatic afferent fibers help to make up Arnold’s nerve, and the 
central arms in the brain stem reach the spinal fifth tract to terminate 
in the spinal fifth nucleus. The splanchnic afferent and taste fibers, 
after reaching the tractus solitarius, terminate in the nuclei in associa- 
tion with the tractus solitarius. 

8. The splanchnic afferent fibers supply the eustachian tube, 
nasopharynx soft palate, uvula, tonsil, tonsillar pillars, base of tongue 
and pharynx as far as the epiglottis. 

9. No evidence of any cutaneous area about the external ear sup- 
plied by the glossopharyngeal nerve could be determined. 


DISCUSSION 


Dr. F. L. Taytor: I wish to express my great appreciation to Dr. Stookey 
for having worked out such an excellent case with his customary thoroughness. | 
shall not discuss his various neurologic remarks because it is entirely unnecessary. 
Concerning the exposure, I agree with him as to exposing the entire cerebellar 
region for the reasons which he gave. At the time the seventh nerve (referred to 
by Dr. Stookey) was sectioned I was not so much afraid of blood as I have been 
since. An osteopathic flap 2 inches (5.08 cm.) square was turned down. Fortu- 
nately, in: that case the exposure was perfectly adequate and the posterior root 
of the nervus intermedius, the entire motor seventh and a few upper fasciculi of the 
eighth nerve were taken so as to make sure of getting all possible pain fibers. 

It might be interesting to note that for the first few days after that procedure 
she constantly heard bees buzzing in her hair just above the ears. What the 
significance of that might be | am not sure, but it was presumably related to the 
section of the upper fasciculi of the eighth nerve. She was well over a period of 
five years because I was able to trace her for that length of time. ; 

I think that Dr. Stookey’s exposure of the nerve was perfectly satisfactory. The 
result obtained proves that, once the difficulty of a definitely localizing diagnosis 
has been overcome, the therapeutic path is clearly indicated. 

Dr. I. S. Wecuster: I can simply add my word of praise to the excellent 
presentation of Dr. Stookey. From the point of view of therapy, the case shows 
excellent results. In watching the patient it was noted that he held onto the back 
of his head particularly and on asking him where the pain started, he volunteered 
the information that it was in the back of the throat; that is, when he swallowed 
the pain came on. From what I have read, I concluded that it was certainly not 
trigeminal, and I referred the case to Dr. Stookey who confirmed the diagnosis and 
proved it with the operation. 
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Dr. Kraus: I have been much interested in the anatomic questions which 
Dr. Stookey has brought up this evening. Recently, in Washington, I had the 
opportunity to converse with Dr. Freeman about the distribution of the somatic 
portions of the branchial nerves. Dr. Freeman referred me to Dr. Stookey. I 
think he has made apparent that Dr. Freeman’s conclusions, which he himself 
questions to a certain extent, may not be precise. The diagrams from Dr. Free- 
man’s article of last year are perhaps a little too schematic, a view with which Dr. 
Freeman agrees. 

Dr. Stookey emphasized also the division of the branchial nerves into visceral 
and somatic parts. That question is still unsettled. The reason I have brought 
it up is this: Dr. Stookey stated that he had not investigated taste and therefore did 
not know anything about the condition of the tractus solitarius. In my opinion, 
the evidence is conclusive that the tractus solitarius has absolutely no relation to 
taste. That evidence is gained from finding that this nerve is very large in 
animals who do not possess that.sense and very small in other animals in whom 
taste is much increased. For instance, in an animal like the ant eater, the tractus 
solitarius is enormous, yet taste is rather limited. Therefore I am asking this 
question: Are there not three types of sensation in the distribution of the fifth and 
the ninth and the tenth nerves within the mouth: (1) a type of sensation which one 
might call mucous membrane sensation; (2) a type of somatic sensation transmitted 
by these nerves in the region of the ear which Dr. Stookey aptly stated is so 
condensed as to make it difficult to determine the areas without the evidence of 
herpes zoster; (3) a type related to the branchial nerves, namely taste? 

[ will mention one more point to add emphasis to what Dr. Stookey has said, 
and that is that we are much mistaken in speaking of the descending root of the 
fifth nerve. The descending root of the fifth nerve is, in reality, the descending 
root of the fifth, seventh, ninth and tenth nerves, and it is the somatic portion of 
the descending root of the branchial nerves. The descending roots of the visceral 
portion of the branchial nerves is the tractus solitarius in my opinion and fibers to 
that descending root come from more than the ninth, probably from the tenth and 
possibly from the seventh. 

Dr. Stookey: The discussion of taste I have reserved for a more detailed 
account than can be given at this time. This patient presents certain conditions 
which make this subject especially interesting and, deserving of thorough study. I 
am much interested in the anatomic points which Dr. Kraus has stressed. The 
cranial nerves are seldom to be considered purely somatic or visceral. The 
trigeminal nerve serves somatic sensation and yet supplies visceral musculature. 

The trigeminal innervation in the oral cavity is still somatic-afferent, since the 
lining of the oral cavity is ectoderm which has grown into the buccal cavity 
secondarily. Irrespective of its secondary position it maintains its primitive inner- 
vation and has therefore somatic afferent fibers. On the other hand, the area of 
the pharynx and nasopharynx is supplied by the glossopharyngeal nerve and from 
the tractus solitarius within the brain stem, where they end on the nuclei in 
association with this tract. The tractus solitarius does not serve solely taste but 
visceral sensation as well, brought in by both the glossopharyngeal and vagus 
nerves. Many of the fibers are fine and medullated ; they are thought to be mucosal 
fibers. 

Generally speaking, the tractus solitarius is to be considered as serving both 
visceral sensation and taste—whereas the spinal fifth tract is to be considered as 
serving somatic sensation, whether these .fibers are brought to the spinal fifth tract 
from the trigeminal nerve or from the somatic sensory fibers of the glossopharyn- 
geal or vagus nerves as illustrated in the Cajal section which I have shown. The 
important fact is to consider the spinal fifth tract as the cranial somatic sensory 
tract and the solitary tract as the visceral sensory and taste tract. 

I have had the pleasure of speaking to Dr. Fay concerning his sensory figures 
which show the sensory supply of the external ear. We both feel that a larger 
number of observations are necessary to order to come to any final conclusions, 
though I feel that a single case of isolated dorsal root section of the glossopharyn- 
geal nerve is of greater value than can be obtained from the material with which 
Dr. Freeman was forced to work. 
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The motility of higher mammals can be divided into two large groups 
of different movements. One of them is cortical in origin and deals with 
the finer adjustment of isolated movements to visual, acoustic and tactile 
stimuli. The efferent impulses for these movements leave the brain 
largely from the area gigantopyramidalis. The other group, called 


principal motility by von Monakow, consists of coarse responses to sen- 
sory stimuli, namely, all those innervations which are necessary for 
standing and locomotion and for the motor part of alimentation. 


The investigations of Freusberg,’ Sherrington,? and Magnus * have 
shown that even the isolated spinal cord gives certain rather complicated 
responses to pain and to cutaneous and proprioceptive stimuli. If not only 
the spinal cord but also the centers of the lower part of the brain stem 
are left intact, then a general integration of tonic innervations for the 
whole body appears, which makes it possible to keep an animal standing 
on its feet; it cannot, however, regain the normal position spontaneously 
once it has been thrown over. In other respects, also, such a decerebrate 
preparation is far from normal. The muscle tone is exaggerated, and 
there is, at least in the acute stage, a predominance of tone in the anti- 
gravity muscles which produces a caricature of the normal standing 
position. Bazett and Penfield * and Beritoff * have shown that rigidity 
in flexion may also occur in animals that have undergone decerebrate 
preparation and remained in this condition for a long time. Decerebrate 
animals possess a number of peculiar position reflexes, described as 
tonic neck and labyrinthine reflexes by Magnus and de Kleijn. Animals 
in which the spinal cord, hind-brain, midbrain and thalamus have been 

* Submitted for publication, Oct. 6, 1927. 

*A summary of papers read in Boston, Baltimore and before the New York 
Academy of Medicine. 

1. Freusberg, A.: Reflexbewegung beim Hunde, Pfliiger’s Arch. f. d. ges. 
Physiol. 9:358, 1874; Ueber die Erregung und Hemmung der Tatigkeit der 
nervosen Zentralorgane, ibid. 10:174, 1875. 

2. Sherrington, C. S.: The Integrative Action of the Nervous System, New 
Haven, Yale University Press, 1923. 

3. Magnus, R.: Animal Posture (Croonian Lecture), Proc. Roy. Soc. London 
98:339, 1925; Physiology of Posture, Lancet 2:531, 1926. 

4. Bazett, H. C., and Penfield, W. G.: A Study of the Sherrington Decere- 
brate Animal in the Chronic as Well as the Acute Condition, Brain 45:185 (Oct.) 
1922. 

5. Beritoff, J. S.: On the Mode of Origination of Labyrinthine and Cervical 
Tonic Reflexes and on Their Part in the Reflex Reactions of the Decerebrate 
Preparation, Quart. J. Exp. Physiol. 9:199, 1915. 
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left intact (thalamus animals) have not only all the reflexes necessary 
for standing, but also those necessary for the acquisition of the normal 
position from every possible abnormal position, and reflexes for locomo- 
tion. Thus the principal motility may be performed by rabbits, cats and 
dogs when the entire cortex and striatum have been removed. 

It is difficult to know how far the observations on laboratory animals 
ought to be accepted as transferable to human physiology. Various 
difficulties arise; for example: 1. Though one can recognize in man all 
the anatomic structures which are found in higher mammals, there are 
considerable differences in the cellular composition of some of the most 
important nuclei of the midbrain in man and other animals. 2. Man’s 
motility differs much from that of quadrupedal laboratory animals, and 
one does not know his exact phylogenetic relationship to them. Cer- 
tainly man must have descended from four-legged, land-living animals in 
the beginning, but possibly his more recent ancestors were tree climbers. 
3. After every traumatization of the brain there is a temporary loss of 
function, called shock or diaschisis by von Monakow. This loss of 
function lasts from a few minutes to hours in lower animals and from 
hours to days in higher animals; in monkeys it may last weeks and 
months, and in man even longer. This leads one to underestimate the 
functions of the subcortical gray masses, especially in human patho- 
physiology. 4. A part of these functions which is restored after a trauma- 
tization of the brain is, possibly, emergency function, the localization of 
which differs from the corresponding normal functions. 

Many different ways of approach will be necessary to overcome these 
difficulties. I have tried to approach the study of human principal 
motility by learning how, according to the school of Magnus and 
de Kleijn, the principal motility of animals should be examined. These 
methods of examination were then applied to children and to adults of 
all ages. In this way it was found that in the development of human 
motility the well known righting reflexes of four-legged animals were 
present for a.certain period of time, but that later some of them were lost 
in favor of the special motility of man.* 

These studies gave me the normal basis necessary for the examina- 
tion of principal motility in pathologic conditions ; this, combined with 
anatomic studies, furnishes the basis for a more accurate localization of 


principal motility in man.? In the present contribution I shall limit 


6. Schaltenbrand, G.: Normale Bewegungs- und Lagereaktionen bei Kindern, 
Deutsche Ztschr. f. Nervenh. 87:23, 1925. 

7. Schaltenbrand, G.: Ueber die Entwicklung des menschlichen Aufstehens 
und dessen Stérungen bei Nervenkrankheiten, Deutsche Ztschr. f. Nervenh. 89:82, 
1925. Schaltenbrand, G., and Frank, E. S.: Ueber einen idiotischen Saugling ohne 
Stellreflexe und mit sehr wahrscheinlichen tonischen Labyrinthreflexen auf die 
Augen. (Horizontale kompensatorische Augenstellungen). Psychiatrische und 
neurologische Bladen, 1926, nos. 4 and 5, p. 252. 
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myself to the discussion of a few reflexes that have been studied in 
normal as well as in pathologic cases. 


THE MAGNUS-DE KLEIJN NECK REFLEXES ON THE 
ARMS 


AND 


LEGS 
These reflexes consist in special postures of the arms and legs, which 
are evoked by the position of the head relative to the trunk, and which 
persist as long as this position lasts. They have a latency of a few sec- 
onds. Typically, they appear as an extension of those extremities toward 
which the chin is rotated and a flexion of those toward which the back 
of the head is rotated. These reflexes disappear when the first three 
sensory cervical roots are cut. They are present even after transection 
of the cord just above the first cervical root. Thev can be observed 
regularly in rabbits and in guinea-pigs, and they appear frequently in 
dogs and in cats, in normal monkeys and in men. During the first two 
vears of life, they can be found more or less frequently in human infants, 
and they can be demonstrated, much exaggerated, in all mammals after 
decerebration. 

The Moro Reflex —This reflex is a peculiarity of human infants 
during the first three months of life. It consists in a transitory stretch- 
ing and abduction of all four extremities in response to all sudden 
stimuli, especially to quick passive movements of the head. This can be 
tested easily, the reflex being strong when the head is turned on the 
fixed body, and rather weak when the body is rotated on the fixed head. 
Other stimuli producing this reflex are quick passive movements of the 
large joints, sudden noises and tapping of the abdomen. Occasionally, 
the stretching is followed by an adduction of the arms to the midline, 
before they again go into flexion. This movement induced Moro,* the 
discoverer of the reflex, to call it “Umklammerungsreflex.”” Moro 
expressed the belief that it is the remainder of strong reflexes of our 
tree-climbing ancestors whose babies had to fasten themselves to the 
body of the mother tightly every time she made a big jump. 

A reflex which is similar to the Moro reflex of infants is the 
“Sprungbereitschaft,” which Magnus found in all animals, and which is 
present also in man. Sprungbereitschaft means readiness to jump. It 
consists in stretching out the arms and legs when the body is hanging 
free in space and is suddenly moved downward. It is a reflex of the 
midbrain, disappearing after extirpation of the labyrinths, but still 
present if only the otoliths are removed by centrifugalization. The effect 
of this reflex is that the extremities act like springs, allowing smooth 
landing on the ground. 


8. Moro, E.: Das erste Trimenon, Miinchen. med. Wehnschr., 1918, no. 42, 
p. 1147; Persistenz des Umklammerungsreflexes, ibid., 1920, no. 12, p. 360. 
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Next come a few reflexes which Magnus calls righting reflexes, 
because they are able to bring the head and trunk into normal position in 
space and in relation to the ground when the animal has been put into an 
abnormal position : 

The Labyrinth Righting Reflex—This reflex keeps the head in nor- i 
mal position in space or brings it into normal position due to stimuli 
from the otoliths. It is present in mammals, including man. Rademaker 
was able to destroy it in cats and in rabbits by interruption of the rubro- 
spinal tracts and by destruction of the red nuclei.’ 

The Neck Righting Reflex—This reflex has a tendency to bring the 
body into a position corresponding to the position of the head. Magnus 
elicits it by keeping the animal on its back and then rotating its head. 

Che reflex begins with a swing of the pelvis in a direction opposite to the 
rotation of the head (fig. 1). Then, unless the thorax is fixed, there 
follows a swing which rotates the entire body in the same direction as 
the rotated head, so that the spine is straightened out again. This reflex 
is still present after high decerebration and disappears only after cross- 
section of the pons. The afferent stimuli pass through the first three 
sensory cervical roots. The reflex can be found in all mammals, and in 


man at least during the first years of life. As a rule, it is inhibited in 
children over 5 years of age and in adults, 

The Landau Reflex—This reflex is a peculiarity of children aged 
from 1 to 2 years, and is really a combination of the labyrinth righting 
reflex with some reflexes of the neck affecting the trunk and extremi- 


ties.” A child, lifted up with one hand under its trunk, face downward, 
will lift up the head and reflexly also the legs, while the spine is curved 
concavely upward. When the head is passively moved down, the whole 
body seems to fall together like a claspknife. 

The Body Righting Reflex on the Body.—This reflex brings about 
t normal position through deep pressure sensation in those parts of the 
body which are resting on the floor. This reflex enables even animals 
in which the labyrinths have been removed to attain a normal position. 
Like the labyrinth righting reflex, it disappears in cats and in rabbits 
after destruction of the red nucleus, as has been demonstrated by Rade- 


maker. 
The Normal Movement of Standing Up From the Lying Position.— 
In this movement all the righting reflexes act together. An accurate 


isolation of the single components is possible only by sensory denerva- 


9. Rademaker, G. G. J.: Die Bedeutung des roten Kernes und des iibrigen i 

Mittelhirnes fiir Muskeltonus, K6rperstellung und Labyrinthreflexe, Monographien 4 

aus dem Gesamtgebiete der Neurologie und Psychiatrie, Berlin, Julius Springer, ) 

1926. 
10. Landau, A.: Ueber einen tonischen Lagereflex beim Alteren Saugling, 


Klin. Wehnschr. 2:12, 1923. 
maker. 
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tions and destructive lesions in the labyrinths and in the brain stem, like 
those studied by Magnus, de Kleijn, Rademaker and their co-workers. 
A relative isolation can be produced by special tricks of the clinical 
examination, like blindfolding (to make the optic righting reflex impos- 
sible), holding the body free in space with equal pressure on the trunk 
from all sides (to avoid the body righting reflexes) and holding the 
head fixed in a lateral position (thus making the achievement of the 
labyrinth righting reflex impossible). The most important part of 


Fig. 1.—Neck righting reflex in a boy, aged 2 years. A, initial posture; 
B, after the head has been turned to the right, the legs and the pelvis swing 
to the left. 


the standing up movements of man is due to the body righting reflex on 
the body; this, however, cannot be isolated as easily as in animals. 


Therefore I shall consider the standing up movements as an entity. 
Four-legged animals stand up from the dorsal recumbent position 

by turning first the head, then the shoulder girdle and finally the hips. 

Adult healthy men do not rotate the spine. They sit up by raising the 
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back symmetrically from the floor; then they erect themselves on their 
hind legs. These movements are rather late acquisitions. When infants 
first learn to sit, at the age of a few months, their movement is like that 
of a cat or a dog rolling over onto all fours (fig. 2).* Progression also 
takes place on all fours. At about the end of the first year, infants 
learn to stand on their hind legs, and they reach this position in a com- 


Fig. 2.—Primitive form of standing up in a baby, aged 5 months. 4, initial 


position; B, head turned to the left; C, shoulder girdle rotates to the left; D, the 
pelvis starts to rotate. 


plicated and elaborate way. During the first years of life children 
more or less quickly simplify the series of movements necessary for 
raising themselves into a sitting position from a lying posture until they 
finally reach the symmetrical type of the normal adult (figs. 3 and 4). 
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Fig. 3—Almost primitive form of standing up in a child, aged 1 year and 


9 months. Both arms support the body on one side; the axis of the body makes 
a thorough rotation; the pelvis, however, remains in contact with the floor. 


| 
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It seems to me important that the tendency to rotation of the spine, 


both in the movements of rising from the floor to a standing position t 
and in the neck righting reflex, disappears in man at a certain age, to be i 
replaced by symmetrical flexion and extension of the spine. These ; 
symmetrical movements are little used by four-legged animals. Certain H 


changes in the profile of the trunk and in the position of the arms and 
legs relative to the trunk also suggest that in his infantile development 
man goes through a stage of motility somewhat similar to the adult 
motility of four-legged animals. The term “quadrupedal stage” may be 
adequate. 

All these reflexes are only a small part of principal motility. There 
are other righting and position reflexes and primitive motor patterns, 
like sucking, swallowing, rotating the head toward stimuli of the mouth 
and grasping which are typical for certain periods of infancy. It would 


he worth while to investigate all these reflexes in a large number of 


A B 
Fig. 4.—Final form of standing up from the floor in a boy, aged 7. The body 
raised from the floor symmetrically. 


normal children. One would then be able to determine the neural age of 
a child or a patient as his mental age is now estimated by the method 
of Binet-Simon. 


MOTOR DISTURBANCES 


A characteristic feature in many organic troubles of the brain is a 
return to the primitive motor patterns of childhood. The Babinski 
reflex is the classic example. I shall try to prove that all these reflexes 


of normal children may reappear in older patients. In looking for 
pathelogic postural reflexes, many observers were struck by the occur- 
rence of tonic neck reflexes in man. For example, one may quote the 
contributions of Simons," Magnus and de Kleijn,’* Stenvers, Walshe ** 


11. Simons, A.: Kopfhaltung und Muskeltonus, Ztschr. f. d. ges. Neurol. u. 
Psychiat. 80:499, 1920. 
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and Pette,’* though there are many more. In the cases of these authors, 
the patients showed a certain spasticity and paresis in those limbs in 
which the neck reflexes could be observed. This suggests a more or less 
complete decerebrate rigidity. 

Decerebrate rigidity in its fully developed state is found rather fre- 
quently in brain tumors and in ventricular hemorrhages which compress 
the midbrain. It may be found to a lesser degree whenever there is 
destruction of the pyramidal tracts. Complete decerebrate rigidity as a 
rule consists of: (1) an increase of muscle tone, (2) an abnormal dis- 
tribution of tone with predilection of the antigravity muscles to show 
most tone, (3) tonic neck and labyrinthine reflexes on the extremities, 
(4) a Moro reflex, (5) loss of the righting reflexes (with the exception 
of the neck righting reflex) and (6) increased tendon reflexes and 
Babinski signs. Frequently there is also paralysis of the eye muscles 
and loss of sensory discrimination. 

The following cases demonstrate most of these symptoms and there- 


fore may be grouped as decerebrate rigidity : 


REPORT OF CASES 


Case 1.—\V. B., a boy, aged 3% years, was admitted to the Peter Bent Brigham 
Hospital with the symptomatology of a right-sided brain tumor. During the 
next weeks, the patient had decerebrate rigidity. He died and necropsy showed 
a huge glioma of the right basal ganglia, compressing and distorting the midbrain. 

The clinical picture just before death consisted in an extreme stiffness of the 
whole body and complete absence of all righting reflexes. At times there were 
typical Magnus-de Kleijn reflexes. The boy reacted to all quick passive move- 
ments of any joint with an extension of the arms, reminding one of the Moro 
reflex. 

Case 2.—A. S., a boy, aged 3% years, was a patient at the Monson State 
Hospital, Palmer, Mass. The patient had suffered from convulsions since the first 
days of life. He never learned to walk nor to talk. He is stiff all over the 
body, the legs are in extension, the arms in flexion. Sometimes he has classic 
Magnus—de Kleijn reflexes. He has a definite Moro reaction, especially to loud 
noises. 

CasE 3.—A. J. M., a microcephalic boy, aged 7% years, is at the Monson 
State Hospital, Palmer, Mass.; he has never talked or walked. He had con- 
vulsions first a few hours after birth and has had epileptic fits ever since. He 
is rigid in extension and has Magnus-de Kleijn reflexes from the neck on the 
arms, and Moro reflexes to movements and especially to loud noises.” 


12. Magnus, R.: Korperstellung, Monographie aus dem Gesamtgebiet der 
Physiologie, Berlin, Julius Springer, 1924. 
13. Walshe, F. M. R.: On Certain Tonic or Postural Reflexes in Hemiplegia, 


Brain 46:1, 1923; The Decerebrate Rigidity of Sherrington in Man, Arch. Neurol. 
& Psychiat. 10:1 (July) 1923. 

14. Pette, H.: Klinische und anatomische Studien zum Kapitel der Hals- und 
Labyrinthreflexe beim Menschen, Deutsche Ztschr. f. Nervenh. 86:193, 1925. 

15. Necropsy has been performed by Dr. Stanley Cobb in the meantime and 
revealed complete defect of the corpus callosum and of extended parts of the frontal 
and parietal lobes. 
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Case 4.—I. D., a girl, aged 14, at the Peter Bent Brigham Hospital, developed 

a Schilder’s encephalitis periaxialis diffusa and died three months after the onset 
of the disease. There was an almost complete destruction of the white matter of 4 
both hemispheres and a corresponding tetraplegia. The general symptomatology i 
consisted of conjugate deviation of the head and eyes, involuntary chewing move- f 
ments, spasmodic crying, flexion contraction of the right arm and athetoid move- i 
ments of the left arm. Of special interest in this case is the reaction of the if 


arms to all quick, passive movements of the legs. The movements were more 
regular in the right arm; in the left arm they were more irregular, but more 
abundant. Again, the Moro reflex was present! 

Cases 5, 6, 7 and 8.—AIlI these patients from the Monson State Hospital, are 
between 10 and 13 years of age. They show rigidity in flexion, which developed 
together with epileptic attacks in early childhood. Probably these children also 
belong in the decerebrate group, though some of the righting reflexes were still 
present, and though the Magnus-de Kleijn reflexes appear to be absent. 


In addition to the decerebrate syndrome, there seems to be another 
syndrome which corresponds to a lesion at a higher level and which I 
should like to call the quadrupedal syndrome. I observed the first cases 
in the clinic of Dr. Nonne, in Hamburg-Eppendorf, and in the clinic 
of Dr. Brouwer in Amsterdam. Illustrative cases of this syndrome were 
also found in Dr. Cushing’s and Dr. Crothers’ clinics, in Boston. 

The quadrupedal syndrome consists of: (1) a positive neck righting 
reflex, (2) the primitive form of standing up from the recumbent posi- 
tion and inability to sit up symmetrically, (3) difficulty in maintaining 
the upright position on the hind legs alone and (4) impairment of finer 
voluntary movements. It was frequently associated with difficulties of 
speech and sometimes with an impairment of the mental activity. 

If one looks for this syndrome, certain conditions must be ruled out ; 
for example, all severe atrophies of the ventral musculature, as found 
in muscular dystrophy, or general stiffening of the spine may lead to the 
primitive form of standing up from the floor. The positive neck right- i 
ing reflex may be present if a patient has tenderness of the neck, which 
is rather frequent in cases of brain tumor. Atrophy may, however, reach 
a considerable degree before the ability to sit up symmetrically disap- 
pears. The following case illustrates this. 


Case 9.—G. L. R., a boy, aged 17, at the Peter Bent Brigham Hospital, showed 
a severe cachexia due to a tumor of the third ventricle, as was proved at necropsy. 
He spent the last months in bed. He had a history of diabetes insipidus. The 
neurologic examination did not reveal anything pathologic with the exception of 
marked general muscular atrophy. He stood up normally from the recumbent 
position. 


The following cases may be classified as examples of quadrupedal 
syndrome. 

Case 10.—G. H., a girl, aged 19, at the Peter Bent Brigham Hospital, had a 
glioma of the left temporal lobe, which was verified by operation. A few days 
before admission to the hospital, she had developed rather acute signs of high 
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intracranial pressure, a right paresis and hemianopia, as well as global aphasia. 
There was a left oculomotor paresis. She could not stand without falling back- 
ward. She could not lie quietly in the recumbent position, but turned over on all 
four limbs as soon as she was brought into this position. 

Cases 11 and 12.—The patients, at the Children’s Hospital, were boys, aged 
5 and 5% years, respectively. Both had suffered from a choreo-athetoid hyper- 
kinesis since birth. They have normal body proportions and are mentally normal. 
Their neck righting reflexes are positive, and they show the primitive form of 
standing up. They are unable to sit up symmetrically and to maintain their 
equilibrium while standing on their legs. One of them, however, is able to hop 
around on all four limbs. 


It is important to note that most patients with cerebellar lesions, 
extrapyramidal akinesis and extrapyramidal hyperkinesis have no neck 
righting reflexes and are able to stand up symmetrically. Therefore, the 
quadrupedal syndrome is a syndrome in itself and may or may not be 
associated with extrapyramidal and cerebellar motor symptoms. 


SUMMARY 


During the development of human motility, some peculiar reflexes 


appear and later disappear. A number of them existing during the 
second half of the first year of life are similar to reflexes of four-legged 
animals. Under pathologic conditions of the brain all the primitive 
reflexes of childhood may reappear or may be preserved for an 
abnormally long time. Thus one observes tonic neck reflexes on the 
limbs and a kind of Moro reflex in the decerebrate condition. In other 
cases of brain disease, a “quadrupedal syndrome” may appear with 
positive neck righting reflex and with the primitive form of rising from 
the floor to a standing position. 
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| shall present a study of the microscopic changes in four cases of 
neurosyphilis showing hyaline degeneration of the blood vessels of the 
brain. Vascular changes of this type in neurosyphilis are comparatively 
rare, only a few cases having hitherto been recorded in the literature. 
This fact and also the rare and unusually sharp restriction of the hyaline 
degeneration to «*rtain circumscribed areas of the cortex in my first 


case seemed to justi. this report. 


REPORT OF CASE 


Case 1.—History.—C. C., a shoemaker, aged 52, was admitted to the hospital 
on Jan. 28, 1924. The parents were both half-Indians. Two half-aunts and one 
half-uncle were insane and in state hospitals (the exact nature of the condition 
could not be ascertained). Development apparently was normal, although the 

j patient had attained only a low average intellectual level. There were no neurotic 
or psychopathic trends. The previous medical history was unimportant. The 
patient was married, and his wife was said to have a positive Wassermann reaction. 
One child was alive and well; one died at the age of 8 months with convulsions. 
The patient was well until 1917, when the onset of the present illness occurred 
suddenly with a “shock.” He recovered from this after a few days, the only 
residual being a facial palsy; he had not worked since. He began to develop ideas 
1f grandeur, periods of confusion and gradual deterioration. 

Examination.—On admission he was deteriorated and disoriented, and memory 
vas poor; he had no insight. Ptosis with central facial paresis and poor vision on 
the right side were present. The tongue was protruded to the right. There was 
swaying in the Romberg position. The deep reflexes were hyperactive, but 
pathologic reflexes were not present. A difficulty in speech also was present. The 
lood and cerebrospinal fluid Wassermann reactions were positive. The cerebro- 
spinal fluid showed 45 cells; albumin, +++; globulin, +; colloidal gold reaction, 


Course.—During the stay in the hospital the patient received four courses of 
sulpharsphenamine, without any influence on the serologic symptoms. Gradual f 
progressive deterioration, both mental and physical, was present. In October, 

1926, the patient was inoculated with malaria tertiana, but the physical condition 
became so poor that the treatment with malaria had to be discontinued after ten 
paroxysms. He became weaker physically; two weeks later, he developed pneu- 
monia and died on Nov. 27, 1926. i 

Postmortem Examination.—Lobar pneumonia of the right lower lobe with 

some myocardial degeneration was found. Brain: The dura was somewhat 


thickened; the soft meninges showed opacities; the ventricles were dilated; there 
was some atrophy of the cortex, especially in the frontal region. 


* Submitted for Publication, Dec. 8, 1927. 
* From the Foxborough State Hospital. 


a 
, 
4555555410. 
| 


732 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Microscopic Examination—The leptomeninges were markedly thickened in 
places and showed some lymphocytic infiltrations, which were also found in the 
adventitia of the vessel walls. Hyaline degeneration was not seen in the meninges. 
The cortical disturbances were those found in the average case of general 
paresis: architectural disturbances and moderate infiltration of the vessels. <A 
pronounced neuroglial reaction had not occurred, and the whole process was 
comparatively mild. Side by side with this familiar picture, however, was a 
degenerative process which involved the vascular system of both gray and white 
matter, but which showed some rather definite elective features. As the most 
striking characteristics of the process were to be seen best in the cortical vessels, 
these will be described in detail, whereas only a general description of the condition 
found in the white matter will be given. 

The degenerative process was most pronounced in the capillaries, and as the 
inflammatory changes were of moderate degree and in places altogether absent, the 
various stages of the degenerative process could be followed easily. The starting 
point seemed to be represented by the appearance of fine homogeneous granules in 
otherwise intact capillaries. They stained intensely blue in toluidine (Nissl), 
thionin and gentian violet preparations, whereas with hematoxylin they stained 
black. They lay close to the capillary lumen and on cross-section assumed the 
form of a darkly stained ring around the vessel. At this stage the vessel wall 
elements, as well as the surrounding tissues, seemed to remain passive, not show- 
ing morphologic changes, so that in numerous places the pathologic process seemed 
to be limited to the condition described without involvement of either the nervous 
or the vascular tissues. As one followed through the further stages of the process, 
one found that these small droplets began to enlarge and lose their spherical form. 
They still clung to the capillary wall but began to stain less intensively, the color 
changing to a grayish violet tinge (fg. 1). As yet, however, there were no signs 
of reaction; the neuroglial tissue remained quiescent and the vessel wall elements 
did not show infiltrations or other changes. The further one went the larger 
these droplets became; they melted together and finally took the form of a 
homogeneous wall around the lumen. In the more advanced stages, therefore, the 
original droplets lost themselves in this homogeneous mass. 

With the confluence of the droplets, a gradual destruction of the endothelium 
took place: the cells began to shrink and the plasma disappeared, leaving a small 
shrunken nucleus behind which disappeared in its turn as the process progressed 
in severity. The originally comparatively intact capillary was thus replaced by a 
thick homogeneous tube with a markedly diminished lumen, and finally the whole 
vessel, lumen and all was replaced by a mass of hyaline material (fig. 2). This 
process could best be followed in its various stages in the cortex and showed, as 
will be described later, a more or less distinct laminary character. The gradual 
destruction of the surrounding tissues came out more and more distinctly as the 
process increased in severity. Thus, where the process of degeneration was most 
marked, the capillaries of all cortical layers were degenerated, whereas the 
parenchymatous tissue was totally destroyed so that the whole cortex at these 
points was represented by a thick, rigid hyaline network. This disappearance of 
the parenchymatous tissue, however, appeared to be entirely secondary, so that 
even when this homogeneous network was lying in an almost cell-free, structure- 
less groundwork, all the hyaline substance was still restricted to the site of the 
vessel, practically none of it having invaded the surrounding tissues. This 
apparent predilection of the degenerative process for the vascular system seemed. 
furthermore, to be restricted to the capillary system, the larger vessels being mostly 


spared. Inflammatory phenomena were practically absent in these regions. 
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Although almost all parts of the cerebral cortex were involved in this degen- 
erative process, the degree of the involvement was not always the same. Generally 
speaking, one can say that the intensity decreased as one proceeded from the 
frontal to the occipital lobes. For instance, the areas P. E., P. g., O. A. and 
O. C. were all affected, but the latter much less than the former. As one receded 
from the anterior areas and passed toward the posterior ones, especially in the 
last occipital areas, the process showed a tendency to restrict itself to certain 
layers, leaving the contiguous ones practically intact. The limitation of the 
process to definite cortical layers did not, however, alter its relative severity. 

The disturbance in the basal ganglia was essentially similar to that in the 
cortex. In the thalamus and striate body, one found the same changes in the 


Fig. 1—Accumulation of hyaline droplets around the capillaries. The cells of 
the vessel wall are still more or less preserved. Signs of inflammatory reaction 
cannot be seen. Toluidine blue stain; * 200. 


capillaries and in the massive destruction of parenchyma down to a practically 


total disappearance of cells and structure at some points. A similar situation 
vas encountered in the pons and medulla oblongata, and in all these, just as in 
the cortex, the inflammatory phenomena receded to the background. The only 
exception to this general picture of changes in the gray matter was the process 

la. These letters relate to cerebral areas in the occipital pole. This is accord- 
ing to the new nomenclature for these areas, as used by von Economo and 
Koskinas. Further details are included in a work by Economo: Zellaufbau der 
Grosshirnrinde des Menschen, Berlin, Julius Springer, 1927. 
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found in the cornu ammonis. Here one found an almost intact gray substance, 
undisturbed architecture and capillaries that did not show changes other than 
slight infiltrations, whereas the larger vessels of the white matter showed advanced 
hyaline degeneration. Throughout the white matter of the rest of the brain, the 
distribution was somewhat more general. Although the capillaries were involved in 
a fashion more or less similar to that found in the cortex, the process was not 
limited to them as the larger vessels showed practically the same degree of involve- 


ment. The development of the process was somewhat different, too, in the 


Fig. 2—Complete hyalinization of the capillaries of the fourth layer of O. C. 
(von Economo and Koskinas), showing the distinct restriction of the process to 
this area. It illustrates the sharp division between O. C. and O. B.y. Toluidine 
blue stain; X 80 


white matter. Instead of collecting around the vessels as was the case in the 
cortex, the hyaline drops appeared first in the media of the vessel wall and 
gradually spread to replace the whole vascular structure leading to secondary 
degeneration of the surrounding tissues. Here, too, one could follow the progress 
of the droplets as they advanced from the media into the other layers of the wall, 
destroying these in their advance. The further progress of the process was 
somewhat different, too, and was not as uniform as in the cortex. In some places, 
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the media was replaced by a ring consisting of hyaline droplets, whereas the other 


elements of the wall were preserved. In others, the lamellae of the media might i 
remain intact as such, but their substance was replaced by hyaline material. A 
When the accumulation of hyaline material was more marked, the whole vessel 1 
wall might be replaced by it; then the lumen was invaded, and in extreme cases 
even the surrounding tissue might be invaded by the hyaline material. In some i 
of the larger vessels there occurred a breaking up of this rigid hyaline tube, and i 
then one could see the fragments lying both in the lumen and outside in the sur- q 


rounding tissues, appearing much like the fragments of a broken glass tube 
(fig. 3). Finally, there were places in which this droplike structure could not be 
followed and in which the whole wall was represented by a homogeneous struc- } 
tureless ring. This type was encountered especially frequently in the cornu 

ammonis. The changes in the capillaries of the white matter were not always as 
distinct as was described, and in some places there were changes which were 


4 
Fig. 3—On the right, one of the larger vessels of the white matter is seen. 
[ts wall is completely replaced by hyaline matter which has broken down and 

resembles fragments of glass. An inflammatory reaction has not occurred. ‘ 

Poluidine blue stain; 80. 

ilmost like those found in the cortex. It is understood that the various types and ; 

“ stages of the process described were not always as clearcut as they were in some i 

e isolated points. The picture changed continually, and one stage flowed into the 

other without any clear line of demarcation. 2 

Comment.—The distinctive feature of this case is the elective affinity 4 

4 of the process for certain systems. Thus one sees that in both the white H 

I and the gray matter, but especially in the latter, the degeneration limits i 

. itself almost exclusively to the vascular system. An even more striking 7) 

l, feature of limitation of the disease to special systems is represented by { 

iS j 


the apparent tendency of the degeneration to restrict itself to certain 


i 
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areas, which is especially well illustrated in. some parts of the occipital 
lobe (fig. 2). At this point I will touch briefly on the relation that exists 
between the picture presented here and some cases described by Vogt 
and others, and for the interpretation of which Vogt has advanced his 
theory of *Pathoklise.” The extension of the process in some of these 
points is typically limited to certain physiologic entities without any 
visible disturbances in the contiguous structures. This is especially well 
seen at the borderline between the occipital cortex and the calcarina, that 
is, at the point where the inner granular layer splits into two, illus- 
trating one of the most striking examples of cortical localization. Here 
on the very border of this physiologically, histologically and possibly 


physicochemically distinct entity the process suddenly stops. 


In the following three cases, of which a more detailed description of 
the microscopic changes will appear in connection with a different 
problem, the hyaline degeneration represents only a part of the mani- 
festations. As the process is not as extensive or as variable as in case 1, 
only short sketches are necessary. 


Case 2.—History.—J. F., an apparently normal white man, aged 58, who sud- 
denly fell in a convulsion while at work, never regained consciousness. Death 
occurred twenty-four hours later. Before death the usual signs of a right sided 
hemiplegia were brought out. 

Postmortem Examination.—At the autopsy, the examination was limited to 
the brain. There was marked leptomeningitis, with a gummatous process in the 
region of the pons. 

Vicroscopic Examination.—The histologic examination showed marked hyaline 
degeneration of many of the vessels about the pons. The lamellae of the media 
of these vessels were shiny and homogeneous, and in toluidine blue preparations 
took on a greenish tinge. The adventitia did not seem to be involved. The endo- 
thelium showed a proliferative process of the endarteritis obliterans type. This 
process, as well as the gummatous inflammation already mentioned, was intimately 
connected with the hyaline degeneration. A similar hyaline process was found in 
the white matter of the cornu ammonis. Here, however, both capillaries and larger 
vessels were affected, whereas the inflammatory reaction was mild. The process 
in this case simulated that in case 1 in that a gradual accumulation of hyaline 
droplets could be followed through various stages until they finally reached the 
formation of the homogeneous ring around the lumen of the vessel. Here, too, 
the disease process was limited to the vessels; an invasion of the surrounding 
tissues could not be demonstrated at any point. 

Case 3.—G. K., presented an unusually chronic form of paresis with numerous 
remissions, observed over a period of ten years. 

Microscopic Examination.—The picture was that of a benign, but nevertheless 
definite paresis with mild inflammatory and architectural disturbances and with 
distinct involvement of the leptomeninges. The hyaline degeneration was limited 
to the white matter of the frontal lobe. Here the media of the small arteries was 
the element most affected. The adventitia of these vessels showed slight inflam- 
matory changes, whereas the intima was not involved. There was no invasion of 
the hyaline substance into the surrounding tissues, and the degenerative process 
itself was much like that found in the larger vessels in case 1. The capillaries 
were not involved. 
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Case 4.—C. M., a man, aged 26, presented clinically a picture of paresis. As far 
as could be ascertained, he was constitutionally of a schizoid make-up. Following 
malarial treatment, which appeared to be successful both clinically and serologically, 
the patient met with accidental death from strangulation. 

Microscopic Examination—The microscopic changes. were typical of paresis, 
but in the thalamus and corpus striatum there was an advanced process of 
hyaline degeneration. The vascular changes were similar to those in cases 1 
and 2; only on rare occasions could one find small droplets of hyaline in the 
surrounding tissues. The inflammatory changes in these regions were slight. 


REVIEW 


OF 


LITERATURE 


AND COMMENT 


A review of the literature on this subject leads back to a report by 
Billroth ' who described a “glasslike, gelatinous transformation of the 
cerebral cortex with predilection for the vascular tissues.” Following 
this, a few authors described similar conditions in the brains of paretic 
patients mostly, but on rare occasions in the brains of persons with 
feeblemindedness, epilepsy and melancholia. In 1898, Alzheimer * col- 
lected all these case reports and added two observations. His first case 
was one of paresis; the basal ganglia were enlarged and of a 
eculiarly tinted gelatinous appearance; microscopically, they were 
tudded with numerous glasslike droplets. In the second case, presenting 
\ clinical picture of convulsions of unknown etiology, he found small, 
oarse, transparent foci in the cortex. In discussing the whole material, 
\lzheimer leans to the opinion that in all these cases of “colloid degen- 
ration of the vessels of the brain” there is a generalized process which 
hows a predilection for the vascular system, but which, nevertheless can 
nvolve also the other tissues in the central nervous system and can be 
ound there in the form of small flakes. As to the nature of the material, 
e thought that it originates in deposits of albuminous material which 
indergo various changes, giving rise to the different types described in 
he literature under the names of amyloid, hyaline and colloid degenera- 
ion of the vessels of the brain. 

More recently, a new series of observations has been recorded by 
Sioli, Schroder, Durck, Kufs, Lowenberg, Straussler and Koskinas, and 
llassin and Bassoe. In the cases reported by these authors, there was 
legeneration of the vessels, almost always accompanied by deposits of 
colloid or hyaline substances in the surrounding tissues. These observa- 
tions, as well as the conclusions reached by those who reported them, 
were in agreement with the interpretations of Alzheimer. Most of them 
emphasized the intimate relationship that existed between the formation 
of the hyaline or colloid substance and the vascular condition. 

Concerning the origin of the substance, Sioli* was of the opinion 
that there was a primary confluence of the surrounding tissues, which 


. Alzheimer, A.: Arch. f. Psychiat. 30:18, 1898. 


1. Billroth, cited by Alzheimer: Arch. f. Psychiat. 30:18, 1898. 
3. Sioli: Ztschr. f. d. ges. Neurol. u. Psychiat. 12:444, 1912. 
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“were transformed into an amyloid-like substance and this was subse- 
quently deposited in the walls of the vessels.” A similar but somewhat 
differently expressed interpretation was offered by Schroder,‘ who 
regarded this material as “pathologic metabolism or catabolism products.” 
He believed, however, that these products of pathologic metabolism 
reached the surrounding tissues through the vessel wall, which in itself 
played a passive role. Durck,® whose case presented an invasion of the 
surrounding tissues also, stressed the importance of the vessels as the 
primary conditioning factor, and thought that the active role should be 
ascribed to the mesodermal, the passive part to the ectodermal elements 
of the central nervous system. He regarded the substance as a product 


of deposit and coagulation of a material that is originally dissolved 


in the containing medium which, owing to some unknown ferment, 
becomes solidified and deposited in the tissue. In a previous communi- 
cation,® I also came to the conclusion that the vascular process was to be 
regarded as the primary, and the deposits in the surrounding tissues as 
the secondary components in this process. This conclusion was based 
on observations that the deposits in the surrounding tissues were always 
found in relation to some affected vessel, also that the process in the 
vessel wall appeared to be of longer duration than that in the paren- 
chyma. The case described by Kufs* showed a more or less equal 
involvement of vascular and nervous tissues ; he believed that the deposit 
of the hyaline substance must be looked on as occurring simultaneously 
in the mesodermal and ectodermal tissues. Straussler and Koskinas * 
were of the opinion that the hyaline substance developed in the tissues 
of the central nervous system. According to them, the first stage in this 
development is represented by a thickening of the fine reticulum of the 
brain substance. As this thickening progresses, the fine network is 
gradually transformed into thick knots which finally assume the appear- 
ance of granulated flakes scattered through the central nervous system. 
The vascular involvement in their case was most marked where the 
process was far advanced and only slight in other regions ; they were of 
the opinion that this was either secondary to the condition in the other 
tissues or not related to it. 

One other case remains to be considered, as it differs in some respects 
from the others. In all those discussed hitherto, there was a more or less 
similar involvement of the tissue of the central nervous system and that 
of the vascular system. At no time does one find any reference to calci- 


Schroder, P.: Ztschr. f. d. ges. Neurol. u. Psychiat. 68:136, 1921. 
5. Durck: Ztschr. f. d. ges. Neurol. u. Psychiat. 88, 1924. 
6. Lowenberg, K.: Ztschr. f. d. ges. Neurol. u. Psychiat. 93:1, 1924. 
7. Kufs, H.: Ztschr. f. d. ges. Neurol. u. Psychiat. 95:151, 1925. 
8. Straussler and Koskinas: Ztschr. f. d. ges. Neurol. u. Psychiat. 100:344, 
1925. 
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fication. The case described by Bassoe and Hassin * differs in this point. 
The clinical features of the case also are different. Syphilitic involve- 
ment was not present, and clinically the case appeared to be one of 
cerebral tumor. Histologic examination showed hyaline degeneration 
and marked calcification of the vessels, the capillaries standing out in the 
form of a rigid network. The authors spoke of an amorphous substance 
which is found either in the form of islets irregularly distributed 
throughout the parenchyma or lying in the form of droplets in the capil- 
laries. In addition to these, they found deposits of calcium in the 
capillaries of the basal ganglia and invasion of the calcium into the 
adventitial spaces of the larger vessels, with proliferative and regressive 
changes in the neuroglia and the parenchymatous tissue. The gray sub- 
stance of the cortex was much less involved. The authors stressed the 
predilection of the process for the capillaries and characterize the whole 
process as colloid or hyaline degeneration. The observations made by 
Urechia *° and Mallory *! belong to this group too. 

The most important features in all the cases described in the litera- 
ture, therefore, consist in deposits of a pathologic substance in and 
around the vessels and in the parenchyma. It is only on rare occasions 
that this disease process stimulates an active neuroglial or connective 
tissue proliferation and for practical purposes it can be disregarded in 
this discussion. In none of the cases in the literature, however, does one 


find as strictly vascular a distribution of the process as was found in my 


case 1; from this point of view, it has to be placed in a class by itself. 
The purely degenerative process in this case restricts itself exclusively 
to the vessels and at no point in the whole brain could I find signs of 
hyaline degeneration of the tissue. Although the process in its distribu- 
tion involves practically all different areas ofthe brain, it retains the 
feature of electivity in its restriction to the vessels. 

Attempts were made to determine the specific nature of the hyaline 
substance even before the time of Alzheimer, though without univer- 
sally accepted results. In a case belonging to this group, Mignot and 
Marchand ** found positive amyloid reaction; Alzheimer demonstrated 
different reactions and types of behavior of this substance in different 
parts of the central nervous system in the case he described, and sug- 
gested the possibility that it undergoes changes in its development. 
Sioli spoke of an amyloid-like reaction in his case; other authors spoke 
of it now as hyaline, then as colloid or amyloid substance. The different 
stains used do not admit any further differentiation in the form of 


9. Bassoe, P., and Hassin, G. B.: Calcification of Cerebral Vessels with a 
Clinical Picture Simulating Brain Tumor, Arch. Neurol. & Psychiat. 6:359 (Oct.) 
1921. 

10. Urechia, cited by Straussler and Koskinas (footnote 8). 

11. Mallory, F. B.: Principles of Pathologic Histology, Philadelphia, W. B. 
Saunders Company, 1918. 

12. Migot and Marchand, cited by Alzheimer (footnote 2). 
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specific predilections. A similar inconsistency in staining was found also 


in my cases. All these variations show how little is known about the 
nature of this substance. The etiology also is equally obscure. The case 
described by Bassoe and Hassin, as well as some mentioned by 
Alzheimer, shows that syphilis is not the only possible etiologic factor, 
even if it can be regarded as the most common cause (a direct relation- 
ship between spirochetes and this form of degeneration is suggested by 
the observations of Sioli and Kufs, although in most cases the search 
for spirochetes in the affected areas was not successful). 

All these considerations have led some authors to search for a more 
general underlying mechanism in the form of a coagulation necrosis 
(Spielmeyer **) ; in other words, to consider the process as a form of 
necrosis which does not lead to liquefaction (extremely rare in the 
central nervous system). This is also the point of view taken by Jakob,"* 
who suggested a close relationship between this type of degeneration and 
the capillary calcification described by Bassoe and Hassin. 

With the present available knowledge, | think that a more precise 
definition of the process is not warranted. The relationship between the 
condition of the vessel wall and that of the parenchyma is another ques- 
tion that has not been settled. Some authors ( Alzheimer) thought that 
the process began in the vessels and spread outward ; others (Straussler 
and Koskinas) were inclined to the view that there was not any rela- 
tionship between the two. I do not see a possibility of drawing any 
conclusions from a comparison between the case reported by them and 
my case 1. Apparently, in the different cases, the processes tend to take 
altogether different courses of distribution. As already mentioned, the 
distribution in my case 1 showed a tendency to predilection not only for 
certain types of tissues (mesodermal) but also for certain physiologic 
entities (fourth layer of O. C.) I do not wish to propound a theory on 


the basis of one case, and yet the most logical interpretation of the 
mechanism in case 1 would be that advanced by C. and O. Vogt '* that 
the specific physicochemical structure of the different physiologic 
entities in the brain may make them susceptible to different types of 


(liseases. Recently, these authors ** have broadened their theory to 
comprise not only the ectodermal but also the mesodermal structures of 
the brain. My case actually seems to support this view. Whether one 
can regard other cases of hyaline degeneration in the same light remains 
to be seen. 


13. Spielmeyer, W.: Histopathologie des Nervensystems, Berlin, Julius 
Springer, 1922. 

14. Jakob, A.: Normale und pathologische Anatomie und Histologie des 
Grosshirns, Vienna, Franz Deuticke, 1927, vol. 1, p. 457. 

15. Vogt, C. and O.: J. f. Psychol. u. Neurol. 28:1, 1922. 

16. Vogt, O.: Architektonik der menschlichen Hirnrinde, Allg. Ztschr. f. 
Psychiat. 86:247, 1927. 


COURSE OF THE MOTOR FIBERS THROUGH THE 
WHITE MATTER OF THE SPINAL CORD * 
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TORONTO 


Although a great deal of attention has been paid to the fibers of 
the ventral roots in their intradural course to the intervertebral fora- 
mina, in particular to their direction in different regions and to the 
relation of their origin to the corresponding vertebrae, the internal 
course of the fibres from the ventral column of gray matter to the 
point of exit from the spinal cord has been neglected. The authors 
of most textbooks ignore the question, and by their drawings give 
the impression that the fibers run transversely out at right angles to 
the long axis of the cord. Some writers, such as Schwalbe, Schafer and 
Cajal, dismiss the matter after saying that the fibers run through the 
white matter at a slight inclination, so that they are often cut obliquely 
and only a part of them is visible in a transverse section. 

In an article on the spinal cord written in 1881, Liideritz * reported 
observations on the course of the fibers in the cord of a rabbit and 
in the lower thoracic portion of the spinal cord in man. In the former, 
he claimed that the direction of the fibers becomes more and more 
oblique as one proceeds caudad. He suggested that in general the 
fibers hold the same course in their passage through the white matter 
as they do outside the cord. 

In the thoracic portion of the spinal cord in man, Luderitz 
measured the angles of inclination of the motor fibers within the cord 
and found that they make an angle to the vertical varying between 
20 and 45 degrees, although there were also some angles less than 
20 and others as great as 70 degrees. He pointed out that the 
obliquity of the fibers increased as they approached the periphery of 
the cord. 

Not only has this question considerable anatomic importance, but 
it is interesting in its relation to the localization of tumors of the 
spinal cord. It is a well recognized clinical observation that the signs 
and symptoms produced by a localized intramedullary lesion of the 
spinal cord show the upper limit. of sensory and motor disturbance 
to correspond to a lower segment than that in which the upper limit 


* Submitted for publication, March 1, 1928. 


* From the Department of Anatomy, University of Toronto. 


1. Liideritz: Ueber das Riickenmark-segment, Arch. f. Anat. u. Physiol., 
Anat. Abt., 1881. 
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of the lesion is found at operation.* As a consequence of this, it is the 
rule in operating on such lesions to expose the spinal cord for two or 
three segments above the highest level of the lesion as determined 
clinically. 

Much light is shed on this disparity by taking into account the 
oblique course of the fibers through the white matter. Moreover, it 
is not surprising to find that this obliquity is considerable in view of 
the following further consideration. The spinal cord immediately 
above the anatomic level of a lesion, such as a tumor, is seldom 
healthy and generally shows venous engorgement and edema. One 
might therefore, on pathologic grounds, expect symptoms referable to 
this edematous area and thence a tendency to localize the upper limit 
of the tumor at too high a level. This, however, is more than com- 
pensated for by the obliquity with which the fibers traverse the cord. 


MATERIAL AND TECHNIC 


The material examined included a number of spinal cords of adults, 
the cord of a child, aged 3, and that of an infant, aged 2 weeks. 


The cords were obtained within twelve hours after death, and were fixed in a 
10 per cent solution of liquor formaldehydi in normal physiologic sodium chloride. 
A great many blocks were embedded in paraffin and cut into serial sections 10 
and 12 microns in thickness. They were stained with cresyl violet, toluidine blue 
or hematoxylin, any one of which methods, if used sufficiently deeply, stains the 
axis cylinders distinctly. 

Other blocks were embedded in celloidin and stained by the Weigert method. 
This method, which is the one most commonly used for demonstrating nerve fibers, 
vielded similar results, but did not prove so satisfactory for serial sectioning as 
the material embedded in paraffin. All photographs were made from the latter. 
The bundles of deeply stained fibers, each surrounded by the unstained myelin 
space, can be readily detected in the spinal cord of even the youngest subject. 

In addition to the usual transverse sectioning of the different regions of the 
cord, other blocks were cut longitudinally in the frontal and in the sagittal planes. 
As will be explained later, it was necessary to cut the thoracic material at various 
angles to the long axis of the cord. Moreover, the exact sagittal plane did not 
always prove suitable, making it necessary to determine the best angle at which 
to cut in order to find the emerging fibers. 

Camera lucida drawings were made of many of the longitudinal sections and 
from these the direction of the course of the motor fibers through the white mat- 
ter was determined. 

OBSERVATIONS 


The ventral roots of the thirty-one spinal nerves arise from the 
surface of the cord on either side along a groove which is wide in 
comparison to that from which the dorsal roots arise, measuring 2 mm. 
in the adult. Down the length of the cord, this line of nerve roots is 
interrupted by small root-free interspaces or intersegments. Each 


2. Learmonth, J. R.: On Leptomeningiomas of the Spinal Cord, Brit. J. Surg. 
14: 397 (Jan.) 1927. 
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root is made up of a number of rootlets which run laterally within 
the dural sheath and unite to. form the root proper which passes on to 
its exit through the intervertebral foramen. As is well known, this 
part of the nerve is short and directed horizontally laterad in the upper 
cervical region, and long and directed obliquely caudad in the lumbar 
and sacral regions, with a gradual change from the former arrange- 
ment to the latter in the lower cervical and thoracic regions. 

A transverse section through the midthoracic region has the typical 
appearance seen in figure 1. It is to be noted especially that fibers of 
the ventral roots are not seen in the anterior column of white matter. 
Septums of pia mater sometimes may be mistaken for portions of 


Fig. 1—Transverse section of thoracic region of spinal cord. A indicates 
ventral gray horn and B, the ventral median fissure. It should be noted that 
no motor fibers can be seen cut longitudinally. 


nerve fibers, but these can be distinguished with a little care as they are 
generally accompanied by small blood vessels. 

[f the block is tilted upward, however, so that it will be cut in a 
plane running from before backward at an angle less than 60 degrees 
to the long axis of the cord, fibers are found as shown in figure 2. 
This photograph was taken from a section cut at an angle of 30 
degrees to the longitudinal axis of the cord. The fibers leave the gray 
horn from the ventral border, from the ventrolateral angle and to a lesser 
degree from the lateral border. The more mesial bundles run out 
ventrally, and the more lateral vertrolaterally to the periphery of the 
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cord. The course is for the most part straight, occasionally with a 
slight curve the concavity of which is generally directed laterally. Just 
before leaving the cord the fibers fan out and form a more decided curve 
which is concave mesially. 

Sections of the thoracic cord cut in the sagittal plane show bundles 
of ventral root fibers running obliquely downward between the longi- 
tudinal bundles. Usually, only a small portion of the oblique fibers 


Fig. 2—Section of thoracic region of cord cut at an angle of 30 degrees to 
the vertical. A indicates fibers of the ventral roots. The motor fibers are seen 


for the whole of their course through the white matter. This figure should be 
compared with figure 1. 


is to be seen, but if the plane is made to correspond better with the 
ventrolateral course of the fibers, they can be traced for a longer dis- 
tance, as seen in figure 3. The obliquity of these fibers has been cal- 
culated from camera lucida drawings. The angles spread over a wide 
range of from 20 to 50 degrees to the long axis of the cord. In 
general, the obliquity is less in the central part of the white column, 
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averaging about 40 degrees, and greater in the peripheral part, averag- i 
ing 30 degrees. 

Measurements from the spinal cords of an adult, a child and an 
infant show little difference, all exhibiting a wide range of obliquity, 
with the course steeper near the periphery of the cord. This change 
in the obliquity of the fibers alters what would otherwise be a straight ; 
course downward and ventrad to a curved course, with its slight con- 
cavity directed downward and dorsad. 


Fig. 3—Section of thoracic region of cord cut in a sagittal plane correspond- 
ing to the course of motor fibers through the white matter. A and B indicate small 
bundles of motor root fibers cut longitudinally. 


Turning to other parts of the cord, one finds that the course 
of the fibers in the cervical cord, above the cervical enlargement, 
resembles that in the thoracic region of the cord. The course here is, 
on the whole, not so steep, particularly in the central part of the cord, 
in which it ranges between 50 and 65 degrees, averaging about 30 degrees 
farther out. 

Transverse sections through the cervical and lumbar enlargements 
show that the course of the fibers is different in these regions (fig. 4). 
Large bundles of fibers are seen leaving the ventral border of the 
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Fig. 4—Transverse section of cord at the level of the lumbar enlargement. 
Motor fibers are seen running horizontally. ventrad from the ventral horn for 
varying distances but seldom reaching the periphery of the cord. A indicates 
bundles of large fibers cut transversely at the periphery of the cord; B, the hori- 
zontally running fibers, and C, the ventral median fissure. The bundles of large 
fibers cut transversely at the ventral periphery should be noted as distinctive of 
the regions of the enlargements. 


Fig. 5—Longitudinal section of cord at level of cervical enlargement. A 
indicates the ventral horn cells; B, the horizontal course of the fibers of the ven- 
tral roots; C, the caudal course of the same fibers. Note the curved course of 
motor fibers through the white matter, changing by an angulation in the peri- 
pheral part of the white matter from a transverse to a vertical direction. 
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broad motor horn and running ventrad to the periphery. Just before 
reaching the periphery, however, many of these bundles are interrupted 
and cannot be traced to the surface of the cord. Fibers cut trans- 
versely, but showing a greater diameter than the other longitudinal 
fibers, are grouped in bundles at the periphery of the ventral white 
column of the cord. Such bundles are not seen in transverse sections 
of the thoracic and upper cervical regions of the cord. 

A longitudinal section cut in the sagittal plane shows the real course 
of the fibers (fig. 5). The fibers are seen to run out horizontally or 


Fig. 6.—Longitudinal section of a cord from an infant, aged 2 weeks, at 
the level of the lumbar enlargement to show a picture at this age parallel to 
figure 5. A indicates the ventral horn cell; B, the motor root fibers running hori- 


zontally, and C, the final emergence of the same fibers. 


with a slight downward curve from the gray column. On nearing the 
periphery, however, they turn downward and hold a_ longitudinal 
course for some distance in the outer zone of white matter before 


emerging. The sharpness of the curve downward and the length of 


the course in the caudal direction vary considerably even in the same 
segment, as may be seen from figure 5. 
A similar section of the lumbar enlargement of the cord from the 


child, aged 2 weeks, is seen in figure 6. The fibers show a horizontal 
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course in the central part of their course and a change to a more 
caudal direction in the peripheral part of the cord. On examining a 
series of sections, one finds that the curves are smoother than those of 
the cord of an older person, and that the occurrence of a long caudal 
course within the cord is less frequent. 


CONCLUSIONS 

1. In the midthoracic and upper cervical regions of the spinal cord 
of a human being, the motor fibers run obliquely through the white 
matter—at an angle varying between 20 and 50 degrees to the vertical, 
with a few extreme angles as low as 12 and as high as 70 degrees. 

2. In the cervical and lumbar enlargements, the fibers run horizon- 
tally ventrad, but on nearing the periphery of the cord many of them 
turn downward (caudad) and run in this direction for some distance 
before emerging from the cord. 

3. The situation of the motor cell, particularly in the thoracic and 
upper cervical region, is therefore considerably higher than the exit 
of its fiber from the cord. . 

4. In the region of the enlargements, many motor fibers are cut 
transversely in a cross section, being grouped in large bundles in the 
peripheral parts of the ventral white column. 
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Wolff and Forbes, in the preceding paper of this series of studies,’ 
showed that the administration of hypertonic solutions, both intra- 
venously and intraperitoneally, is followed by diminution of the caliber 
of the arterioles and venules of the pia. They also found the converse, 
that hypotonic solutions caused dilatation of these vessels. 

Their observations did not involve any study of the vessels of the 
brain itself. To see the changes in the pial vessels clearly, it was 
necessary to use relatively high magnifications and an_ illumination 
with green light, which did not permit of simultaneous observations 
of the color of the cortex. In the present investigation it was found, 
however, that color photography, under white light, gives an accurate 
record of the delicate flushing and paling of the cortex, with a somewhat 
less sharp discrimination of the changes in the pial vessels. Thus 
the two technics supplement each other. 


METHOD 


The experiments were performed on dogs which were anesthetized by the intra- 
enous injection of 0.35 Gm. of sodium barbital per kilogram, dissolved in a con- 
venient amount of physiologic sodium chloride solution. 

The changes in intracranial pressure were followed by connecting a needle in 
the cisterna magna with a manometer of 1 mm. bore. The head was held rigidly 
immobile with heavy metal clamps. 


The method of exposing the cortex was that already described by Forbes and | 
\Wolff.2. As in their work, all bleeding from the bone was arrested with bone-wax 
ir strips of muscle, great care being taken not to pack the inner table so as to 

* Submitted for publication, March 17, 1928. 

* From the Laboratories of the Rockefeller Institute for Medical Research. 

1. Wolff, H. G., and Forbes, H. S.: The Cerebral Circulation: IV. The 
\ction of Hypertonic Solutions, Part I. Arch. Neurol. & Psychiat. 20:73 (July) 
1928, 


2. Forbes, H. S., and Wolff, H. G.: Cerebral Circulation: Observations and 


Measurements of Pial Vessels, I. Arch. Neurol. & Psychiat. 19:751 (May) 
1928; II. To be published; III. The Vasomotor Control of Cerebral Vessels, ibid. 
19: 1057 (June) 1928. 
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prevent local stasis. The dura was opened with a fine cautery. A glass window, 
set in a threaded metal frame (after the model devised by Forbes and Wolff), was 
screwed into the trephine opening. Cerebrospinal fluid, or Locke-Ringer’s solution, 
was injected into the lower needle (which was fused in the metal frame of the 
window ) until all of the air trapped under the window had been washed out and 
fluid ran freely from the upper needle, whereupon both needles were closed with 
tightly fitting corks. 

The field was illuminated from two sides by Spencer lamps, each with a 400 
watt Mazda bulb. The use of these bulbs is recommended by the Agfa Company 
because the light which they emit is so deficient in the blue range of the spectrum 
that all colors reflect the light with an intensity which acts equally on the color 
plates. The plates are so sensitive to the shorter wave lengths at the blue end of 
the spectrum that these must be relatively suppressed. A preliminary experiment 
showed that the lamps produced enough heat under the window to cause sudden 
profuse hemorrhages. Such overheating of the tissues was avoided by allowing a 
slow stream of cool water to run constantly over the surface of the cranial window 
from the beginning to the end of the experiment. It was found possible to regulate 
the stream so that it ran without ripples or bubbles and without affecting the 
photography. Both lamps were turned on only when pictures were being taken; 
for ordinary inspection of the field, one lamp was sufficient. 

The monocular tube of a Spencer microscope was attached to an adjustable 
extension arm and was set perpendicular to the plane of the cranial window. A 
Spencer objective, 42 mm., was used, and a Leitz “Micca” Mikro-Aufsatzkamera 
was placed over the open microscope tube. The magnification on the ground- 
glass screen of the camera, when focussed on a ruled slide, was * 9.5. A low 
magnification was chosen in order to secure as large a field as possible. This was 
done because the cortex is always somewhat mottled, and a true reproduction of 
the color changes could be secured only in a field that was wide enough to include 
some of this mottling. 

\gfa color plates were cut, in the dark, to fit the plate holder of the camera. 
In the first experiment, a filter was not used. In all subsequent experiments, an 
Agfa “weak daylight filter for color photography, no. 22” was placed in the 
camera. 

The experimental procedure was as follows: 

1. After the window was screwed into place, the cistern was punctured and 
connected with the manometer. The air was then washed out from under the 
cranial window, and the lights and microscope were brought into focus and the 
field of observation was chosen. The animal was then left alone for a period of 
an hour or more. During this interval, test exposures were made. 

2. After this quiet interval, a group of three pictures was taken, with exposures 
varying from 2 to 3.5 minutes. These plates were developed at once, the procedure 
requiring approximately one-half hour. 

3. If the plates were satisfactory, a single picture was then taken, of the 
duration which had proved most satisfactory, in order to make sure that a change 
had not occurred in the interval. Without waiting to develop this plate, we made 
the injection slowly into the lesser saphenous vein as recorded in the protocols. 

4. When the intracranial pressure had apparently reached its maximum altera- 
tion, another series of photographs was made. Two or three pictures were taken 


at the same intervals as had been used in the first group. It was thus possible 


to compare a 2 


minute exposure before the injection with the same exposure after 


the injection, as well as two 2.5 minute exposures and two 3 minute exposures. 


‘rom experiment 1. (No filter used). a, picture taken at 3:00 p. m.; exposure, 
utes; intracranial pressure, 145 mm. of saline solution. b, picture taken at 4:40 p. m., 
the intravenous administration of 80 cc. of 20 per cent sodium chloride; exposure, 
utes; intracranial pressure, —20 mm. of saline solution. The flushing of the cortex 
s unmistakable. The constriction of the pial vessels is visible in some branches but 
all. The definition of the vessels against the reddened background is much impaired. 
‘rom experiment 2. (Agfa weak daylight filter for color photography no. 22 used). 
ure taken at 3:00 p. m.; exposure, 3 minutes; intracranial pressure, 95 mm. saline 
b, picture taken at 4:45 p. m., after intravenous injection of 80 cc. of 30 per cent 
n chloride; exposure, 3 minutes; intracranial pressure, —50 mm. saline solution. The 
in b is deeply flushed. Many of the pial vessels are constricted, but in others a change 
be made out at this magnification. 

From experiment 3. (Filter used as in 2). a, picture taken at 4:45 p. m.; exposure, 
intracranial pressure, 90 mm. of saline solution. b, picture taken at 7:40 p. m., 
after the administration of 50 cc. of 30 per cent sodium chloride. (There had been, in the 
interval between a and b, a preliminary injection of distilled water, the effects of which are 
in 4.) Exposure, 3 minutes; intracranial pressure, -——30 mm. saline solution. The 

ves here are similar to those in 1 and 2. 
4. From experiment 3. (Filter used as in 2.) a, picture taken at 5:15 p. m.; exposure, 
5 minutes: intracranial pressure, 85 mm. saline solution. (4 @ should be compared with 
a for the effect of the duration of the exposure on the intensity of the color.) 0b, picture 
taken at 6:05 p. m., after intravenous injection of 100 cc. of distilled water ; exposure, 25 
minutes; intracranial pressure, 170 mm. saline solution. The cortex is definitely blanched, and 

many of the pial vessels are dilated. 
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Differences in the duration of the exposure made a slight but definite difference 
in the depth of color in the final pictures; but by a comparison of a series of 
pictures in pairs which had been exposed for exactly equal lengths of time, this 
source of possible error was eliminated. 

For purposes of reproduction, it was found necessary to make accurate draw- 
ings from the original color plates; and the illustrations which accompany this 
article are made not directly from the plates but from the drawings. 


RESULTS 

At the magnifications used and with the poor definition of the 
vessels under white light, it was not possible to secure unequivocal 
data on the caliber of the pial vessels. In the plates themselves, 
however, close inspection confirms the observations of Forbes and 
Wolff: that with the fall in intracranial pressure, which follows the 
intravenous injection of hypertonic solutions, the blood vessels of the 
pia constrict; and that with the rise in intracranial pressure after the 
administration of hypotonic solutions the pial vessels widen. 

The photographs demonstrate Clearly, however, that in every case, 
when an intravenous injection of hypertonic salt solution produced 
a negative intracranial pressure, the cortex became deeply flushed, 
despite the narrowing of the superficial vessels. Furthermore, in 
experiment 1, it was possible to show that at an intracranial pressure 
of —85 mm. of saline solution, the cortex was redder than at a pressure 
of —20 mm. In experiment 3, the opening of the cranial window— 
so that the negative intracranial pressure returned to atmospheric 
pressure—caused an immediate blanching of the cortex which was 
readily visible to the eye; but a rebound flushing occurred so rapidly 
that the successive changes were too short for photographing. 

In experiment 3, a preliminary administration of distilled water 
caused the brain to become distinctly paler, while the surface vessels 
dilated. 

Consequentiy, it is clear that under these conditions the pial and 
the cortical vessels are both involved in the reaction and vary 
reciprocally. 

Details are given of the three experiments, the photographs of which are 
presented in the accompanying illustration. 

EXPERIMENT 1.—Dog weighing 21.85 Kg. Sodium barbital, 0.35 Gm. per 
kilogram intravenously given at 9: 30 a. m. 


12:30 p. m.: Cranial window screwed into trephine opening. Cistern punc- 
tured. Pressure, 120 mm. of saline solution. 

2:00 to 3:00 p. m.: Several photographs, at varying lengths of exposure, were 
made to determine what exposure gave pictures which most closely reproduced 
the actual color of the cortex as it appeared to the eye. An exposure of 2 to 2.5 
minutes proved best. A filter was not used in this experiment. 
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3:00 p. m.: Pictures taken; pressure, from 144 to 150 mm. of saline solution. 
One picture with 2.5 minute exposure; two pictures with 3 minute exposure. 

3:30 p. m.: Another picture taken; exposure, 2 minutes; pressure, from 140 
to 145. 

3:43 to 3:57 p. m.: Intravenous injection of 80 cc. of 20 per cent sodium 
chloride. At‘the end of the injection, the intracranial pressure was 197 mm. of 


saline solution, and the pial vessels were dilated. The pressure began to fall, 
however, before this could be photographed. 

4:40 p. m.: Intracranial pressure, —20 mm. of saline solution. Photographs 
taken at exposures of 2 and 2.5 minutes. To the naked eye, the cortex appeared 
markedly flushed. 

5:09 to 5:18 p. m.: Intravenous injection of 40 cc. of 30 per cent sodium 
chloride. During the injection, the intracranial pressure rose to 15 mm. and then 
began to fall rapidly. 

5:40 p. m.: Intracranial pressure, —85 mm. of saline solution. Photographs 
taken with exposures of 2 and 2.5 minutes. The cortex appeared more markedly 
reddened than at 4: 40 p. m 

EXPERIMENT 2.—Dog weighing 14.75 Kg. Sodium barbital, 0.35 Gm. per 
kilogram intravenously at 9: 30 a. m. 


12:00 noon: Window inserted. Cistern punctured and connected with 
manometer. Intracranial pressure, 120 mm. of saline solution. 
2:15 p.m.: Test exposures made, for durations of 2.5, 3 and 3.5 minutes, with 


the Agfa “weak daylight filter no. 22 for color photography” in the camera. 
3:00 p. m.: Intracranial pressure from 95 to 110 mm. Photographs taken with 
exposures of 3 to 3.5 minutes. 

3:30 to 3:50 p. m.: Intravenous injection of 80 cc. of 30 per cent sodium 
chloride. During the injection the pressure rose to 165 mm., and marked dilata- 
tion of the superficial vessels was visible. The pressure then began to fall rapidly, 
and by 4:10 p. m. was down to 20 mm. 

4:45 p. m.: Intracranial pressure, —40 to —45 mm. Photographs taken at 
3 and 3.5 minute exposures. 

EXPERIMENT 3.—Dog weighing 4 Kg. Sodium barbital, 0.35 Gm. per kilogram 
intravenously at 2: 30 p. m. 

3:00 p. m.: Window screwed into skull. Cistern punctured. Pressure, 
90 mm. of saline solution. 

3:45 to 4:15: Test photographs made with filter in camera, as in experiment 2. 

4:45 p. m.: Intracranial pressure, 90 mm. Photographs taken, two exposures 
of 3 minutes each. 

5:15 p. m.: Intracranial pressure, 85 mm. Photograph taken; exposure, 2.5 
minutes. 

5:25 to 5:40 p. m.: Intravenous injection of 100 cc. of distilled water. 

6:00 to 6:10 p. m.: Intracranial pressure, 150 to 170 mm. Photographs taken 
with exposures of 2.5 and 3 minutes. 

6:35 to 6:45 p. m.: Intravenous injection of 25 cc. of 30 per cent sodium 
chloride. 

6:55 p. m. Intraperitoneal injection of 25 cc. of 30 per cent sodium chloride. 

7:40 p. m. Intracranial pressure, —30 mm. of saline solution. Photographs 
taken at exposures of 2.5 and 3 minutes. After the photographs were taken, the 
cranial window was opened, which raised the intracranial pressure to atmospheric. 
There was an immediate blanching of the flushed cortex ; but this was followed by a 
rebound blushing, so that it was not possible to photograph the blanched phase. 
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COMMENT 


In the latter part of the eighteenth century, a theory arose which 
came to be known as the Monro-Kellie doctrine.* Generally speaking, 
this law stated that the total volume of blood within the rigid confines 
of the skull could not vary. After the rediscovery of the cerebrospinal 
fluid by Magendie, however, it became necessary to reformulate this 
dogma; and Burrows,* in 1846, concluded that although the total 
contents of the cranial cavity must be nearly constant, the quantity 
either of blood or of fluid could vary, provided only that the two 
changed simultaneously and in opposite directions. Ever since that 
time, the volume of intracranial blood and the volume of. intracranial 
fluid have been looked on as standing in inverse relationship to each 
other.® 

The whole doctrine, however, was never subjected to an adequate 
experimental analysis until Weed and his co-workers began an investiga- 
tion of the effects on intracranial pressure of experimental alterations in 
the osmotic pressure of the blood. One of the most striking of Weed’s 
experiments was that in which he injected moderate amounts of highly 
concentrated saline solutions into the blood stream. Within a short time 
ifter this, presumably as a consequence of a vigorous dehydration of the 
brain by absorption of fluid into the blood stream, a negative intracranial 
pressure occurred. At the same time, there was, of course, a great 


3. Kellie, G.: An Account of the Appearances Observed in the Dissection of 
[wo or Three Individuals Presumed to Have Perished in the Storm of the 3rd 
and Whose Bodies Were Discovered in the Vicinity of Leith on the Morning of 
he 4th, November, 1921; with Some Reflections on the Pathology of the Brain: 
‘arts I and II, Edinburgh Medico-Chirurg. Trans. 1:84, 1824. Monro, A.: 
Observations on the Structure and Functions of the Nervous System, Edinburgh, 
1783. 

4. Burrows, G.: On Disorders of the Cerebral Circulation, etc., London, 
Longman, Brown, Green and Longmans, 1846. 

5. Alexander Monro (footnote 3, first reference, p. 5) wrote: “For as the 
substance of the brain, like that of the other solids of our body, is nearly incom- 
pressible, the quantity of blood within the head must be the same, or very nearly 
the same, at all times whether in health or in disease, in life or after death, those 
cases only excepted, in which water or other matter is effused or secreted from 
the blood vessels; for in these, a quantity of blood, equal in bulk to the effused 
matter, will be pressed out of the cranium.” George Kellie (footnote 3, second 
reference, p. 123) made a similar comment. This would seem to indicate that 
these early observers appreciated the reciprocal relationship which Burrows 
emphasized; in fact, in a dim way they realized its truth: All of their later writ- 
ings and discussions show, however, that they thought of this effusion of extra- 
vascular fluid as a pathologic occurrence of limited volume and little significance. 

6. Weed, L. H., and Hughson, W.: The Cerebrospinal Fluid in Relation to 
the Bony Encasement of the Central Nervous System as a Rigid Container, Am. 
J. Physiol. 58: 85 (Nov.) 1921. Weed, L. H., and McKibben, P. S.: Experimental 
Alteration of Brain Bulk, Am. J. Physiol. 48:531 (May) 1919. 
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increase in the volume of the circulating blood in the body as a whole; 
and in accordance with the Monro-Kellie doctrine, it was assumed that 
there must be a synchronous increase in the volume of intracranial 
blood.* 

The observations of Forbes and Wolff ! have demonstrated, however, 
that with the fall in intracranial pressure which follows the administra- 
tion of hypertonic solutions, the arterioles and venules of the pia do 
not dilate but constrict. This striking fact arrested attention, because 
if it should prove true that the vessels of the brain itself underwent 
the same change as those of the surface, then under these conditions 
one would be witnessing a simultaneous decrease in the volume of 
intracranial fluid and of intracranial blood, and the accepted version 
of the Monro-Kellie doctrine would again need revision. 

It may be concluded, however, from the evidence of the color photo- 
graphs presented here, that there is a massive dilatation of the vessels 
of the cortex under these conditions, in contrast to the constriction 
which takes place on the surface. Presumably, therefore, the total 
volume of intracranial blood as a whole is increased, which accords 
with the Monro-Kellie law. Similarly, during the period of high intra- 
cranial pressure which follows the intravenous injection of hypotonic 
solutions, the pallor of the cortex probably indicates a diminished total 
intracranial blood volume, despite the dilatation of the pial vessels. 
This, again, is consistent with the same doctrine. 

Why constriction occurs at one point and dilatation at another is 
a question for which it is possible to suggest an answer. 
The fact that in the pia there are only arterioles and venules, whereas 
the cortex is abundantly supplied with capillaries, must have an 
* contention that there 
are capillaries in the pia is not borne out by direct observation of the flow 


important bearing on the problem. Mestrezat’s 


in the living animal. The constriction of the arterioles and venules of the 
pia after the injection of hypertonic solutions is probably due, in large 
part, to a direct action on the vessel walls of the changed salt concentra- 
tion of the blood stream, as suggested by Wolff and Forbes.* It may be 
due in part also to the lessened peripheral resistance in the cortex. 
The vascular dilatation in the cortex, presumably capillary, is probably 
a direct response to the diminished fluid contents within the head and 
to the negative intracranial pressure. The difference between the 
behavior of the pial vessels and those of the cortex, after the injection 
of distilled water, must be explicable on a similar basis. 


7. Weed and McKibben (footnote 5, second reference, p. 553). 


8. Mestrezat, W.: Le liquide céphalo-rachidien, milieu intérieur de l’organ- 
isme. (Lymphe originelle), Rev. neurol. 34:64 (Jan.) 1927. 
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SUMMARY 


1. The intravenous injection of hypertonic solutions is followed 
by a narrowing of the vessels of the pia coincident with a dilatation 
of the vessels (presumably capillaries) of the cortex itself. 

2. The intravenous injection of distilled water is followed by a 
dilatation of the vessels of the pia, but a blanching of the cortex itself. 

3. It is probable that in the first case the total volume of intracranial 
blood is increased, as the volume of intracranial fluid is diminished by 
the action of the hypertonic solution. This is consistent with the 
Monro-Kellie doctrine. 

4. In the second case, it is probable that the total volume of intra- 
cranial blood is diminished, as the action of the distilled water increases 
the volume of intracranial fluid. This, again, is consistent with the 
Monro-Kellie doctrine. 
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EXPERIMENTAL CONVULSiIONS 
A CRUCIAL EXPERIMENT TO DETERMINE THE CONVULSIVE 


LOYAL DAVIS, M.D. 
AND 
LEWIS J. POLLOCK, M.D. 


CHICAGO 


The site of origin of a convulsion may be detined as that area of 
the central nervous system from which a convulsion may be released 
following a suitable stimulus. It is improbable that this area constitutes 
a convulsive center. It is more likely that a group of mechanisms is 
brought into play which possess epileptogenous qualities and that they 
combine to produce the picture of a convulsion. It is further probable 
that the stimuli necessary to evoke a convulsion are entirely nonspecific. 

Whether or not this seat of discharge resides in the cortex or the 
subcortex assumes great importance. If it can be shown that this area 
is to be found in the brain stem, an analogy may be made between an 
epileptic convulsion and one experimentally produced by such medullary 
convulsant drugs as absinth and picrotoxin. Under that condition, 
further research is encouraged in the investigation of metabolic and 
other disturbances which produce paroxysmal intoxication as_ the 
exciting factors of convulsive seizures. If, on the other hand, this 


area resides in the cerebral cortex, the analogy is less likely to be drawn 


and some specific local pathologic change inferred. 

Whether or not the site of origin of a convulsion is situated in the 
cortex, in the subcortical region, or both, has been a controversial 
subject for many years. It has been proposed that as convulsions may 
be produced by electrical, thermal, mechanical and toxic stimulation of 
the cerebral cortex, the site of discharge is to be found there. On the 
other hand, the fact that convulsions may be produced in decerebrate 
animals by the administration of certain toxins has led to the assumption 
by some workers that this area resides in the medulla or pons. It has 
been pointed out, however, that although convulsions have been produced 
in decerebrate animals, only the tonic elements of the seizures have been 
observed. Therefore, the tonic element of the fit has been attributed 
to the infracortical and the clonic element to the cortical region. 

We believe that it must be conceded that spontaneous convulsions, as 
well as experimentally produced convulsions, can appear in the decere- 
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brate animal. Many observers have reported the appearance of the 
clonic as well as the tonic elements of the seizure in such animals. It 
has been claimed justly that in many of these animals the clonic move- 
ments were really running, stepping and jumping movements; or, in 
other words, only certain rhythmic reflexes of the brain stem. On the 
other hand, seizures have been produced in decerebrate animals by such 
drugs as picrotoxin; these were seemingly indistinguishable from those 
produced in a normal animal. Furthermore, it has been found that an 
experimentally produced convulsion disappears after removal of the 
cerebral cortex. 

It is necessary to look on a convulsion as more than a disturbance 
of motion. It consists of a sequence of events which include: an 
aura; symptoms referable to stimulation of the central autonomic 
nervous system, such as contraction of the bladder musculature ; respira- 
tory and circulatory disturbances and sialorrhea; loss of consciousness, 
and the release of tone and motion which are presented as tonic and 
clonic convulsive movements. ’ 

It has been established beyond doubt that the aura is dependent 
on the area of the central nervous system which is irritated. Olfactory 
and gustatory auras appear in a lesion of the uncinate gyrus of the 
temporal lobe, visual auras in disease of the occipital and of the tem- 
poral lobes and motor auras, which consist of localized twitchings of 
certain groups of muscles, in diseases of the motor cortex. Although 
well recognized, the existence of a convulsion which originates at a lower 
level and is accompanied by an aura has not been proved so conclusively. 

In jacksonian epilepsy and in cortical convulsions produced by 
electrical stimulation, generalized tonic and clonic convulsions follow 
some time after the initiation of the focal irritative phenomena. In 
jacksonian epilepsy, which occurs spontaneously, consciousness is lost 
coincidentally with the after-tollowing generalized convulsion. A jack- 
sonian seizure, without generalized tonic and clonic movements and 
without loss of consciousness, cannot be considered analogous to a 
major epileptic convulsion, and represents only a type of aura. There- 
fore, it follows that whatever part of the cerebral cortex is irritated, 
the immediately resulting symptoms constitute an aura; following this 
there may be a train of symptoms which originate from some unknown 
area. In experimentally produced convulsions, as well as in epilepsy, 
respiratory and circulatory changes, sialorrhea, contraction of the blad- 
der musculature and pupillary changes occur as part of the convulsive 
seizure. In epilepsy in man, changes in the blood pressure and apnea 
precede the motor disturbances, and involuntary urination and sialor- 
rhea often accompany them. These phenomena are constant symptoms 
which follow the administration of certain medullary convulsant drugs, 
although the changes in the blood pressure often occur coincidentally 
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with the motor manifestations. These facts have led to the reasonable 
assumption that the site of discharge of an epileptic convulsion is in 
the brain stem, from which may be released not only the motor but 
also the autonomic disturbances of the nervous system. 

The controversy seems to be concerned mainly with the observation 
that only tonic convulsions occur in the decerebrate animal. It has been 
assumed, because of this, that the clonic element must originate from 
the cerebral cortex; this is by no means proved. The clonic element in 
itself does not indicate the exact seat of the disturbance. Clonic move- 
ments may occur as a part of certain rhythmic reflexes originating 
in the brain stem, in the spinal cord or in parts of the cerebrum other 
than the cortex. We believe that the completeness of the motor mani- 
festations of a convulsion depends, not on the particular localization of 
the epileptogenous zone, but on the intactness of the central nervous 
system from which are integrated those movements which are initiated 
elsewhere. 

When an animal is decerebrated at a point caudal to the red nucleus, 
the motor function present is expressed in the production of extensor 
rigidity in the pattern of an antigravity or standing position. If sus- 
pended, the animal retains this posture indefinitely. The picture may 
be modified by passively changing the relation of the head to space and 
the body, or by certain phasic reflexes. The posture cannot be changed 
voluntarily, however. On the other haid, if the animal is decerebrated 
above the midbrain, an entirely different preparation results in which 
tone is distributed normally. Such an animal can right itself in relation 
to the position of its head and can stand or walk. It is evident that 


the motor reactions of these two animals must differ in proportion to 


the patterns of motility which remain after the removal of the cephalad 
portion of the brain. Obviously those convulsive manifestations which 
occur in one cannot be expected to be present in the other. 

Although rigidity in extension, which is dependent on markedly 
heightened tonic labyrinthine or neck reflexes, may appear to be the 
sole motor function of the decerebrate animal, other reflex patterns 
are present and are inhibited and masked by the stiffness. Certain 
preparations may be made in which a segment of the basilar artery is 
isolated by two ligatures some distance apart. In such an animal, 
decerebrate rigidity can be produced at will by passively extending the 
head, but at times muscle tone is distributed normally. Walking, 
stepping and running movements may be elicited with ease, yet when 
extensor rigidity is produced by passively extending the head, these 
movements can be elicited only with difficulty or not at all.. Without 
entering into further discussion, it may be stated that decerebrate rigidity 
as influenced by the tonic labyrinthine or neck refiexes inhibits certain 
other reflexes. These reflexes, when unmasked, are of a limited number 
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in the animal decerebrated at the ordinary level. It follows that any 
stimulation of the brain stem of such an animal can produce only the 
reflex pattern which still resides in the brain stem, and only after the 
inhibition of decerebrate rigidity has been removed. It is not surprising 
that the movements seen in a seizure produced by picrotoxin injected 
into such an animal, rigid in extension, are limited to certain types 
characterized as tonic. One can readily understand how one observer, 
using a decerebrate animal with normally distributed tone, may observe 
clonic movements and another, using a decerebrate animal with marked 
extensor rigidity, may observe no clonic movements or only running 
movements. The older methods of decerebration by ablation of the 
cerebrum or transection of the brain stem are accompanied by mutilation, 
shock, hemorrhage and trauma. When an investigator observed an 
animal in which good decerebrate extensor rigidity did not develop 
because of shock, clonic elements might have been observed, which in 
a good preparation might be masked. 

The experiment should be repeated on animals fulfilling the newer 
and more exact requirements of the reflex activities of a decerebrate 
animal. In this communication, we propose (1) to describe the pattern 
of the convulsion in an animal decerebrated by our anemic method; 
(2) to add further evidence that the site of discharge resides in the 
brain stem; (3) to point out reasons ior variation of the patterns of 
convulsions, and (4) to describe a new and crucial experiment for the 
study of the pattern of convulsions which originate from the brain stem. 

When picrotoxin is injected into the circulation of a normal animal, 
a series of convulsions ensues. The motor disturbances are character- 
ized by a tonic spasm with opisthotonos, associated with a period of 
apnea, and clonic convulsions associated with hypernea. The clonic 
movements are generalized and do not partake of any pattern suggestive 
of running, walking or stepping. Following simultaneous ligation of the 
basilar and both carotid arteries, a decerebrate animal is produced which 
is free from hemorrhage and shock. The degree and character of the 
rigidity as well as the presence of tonic and phasic reflexes is constant 
in all the animals, and each experiment is comparable to those which 
have gone before. When picrotoxin is injected into the circulation of 
such an animal, an increased irritability in the muscles is noted; then 
a series of tonic spasms characterized by increased opisthotonos and 
rigidity of the already extended extremities follows. Violent jerking 
of the head may appear between these phases of increased tone. Then 
ensues a series of convulsions which begin with a tonic fit and apnea, 
followed by relaxation. This condition is immediately succeeded by 
hyperpnea with forward arching of the head, or emprosthotonos ; flexion 
of the hind legs; forward movements, or at times flexion of the fore- 
legs, and contractions of the abdominal and pharyngeal muscles as in 
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retching. Following this, there occurs extension of all the extremities 


and successive repetitions of opisthotonos and emprosthotonos. The 


extension of the extremities and opisthotonos are associated with expira- 


tion; while emprosthotonos takes place with inspiration. The convul- 
sions occur with the same frequency and regularity and are of the same 
duration as those seen in the normal animal, despite the difference 
in pattern. 

As has been pointed oftt before, such heretofore uncontrollable 


factors as shock, hemorrhage, respiratory failure, length of time required 


Fig. 1—Drawing of the ventral surface of a cat’s brain which shows the site 
of ligatures placed on the basilar artery when a segment of the brain stem is made 
anemic, 


for the operation and delay in postoperative recovery tended to produce 
varying patterns of convulsions, so that different investigators using the 
same technic reported as many different types of convulsions. It is 
apparent that all of these factors tend to reduce the degree of extensor 
rigidity, and therefore a ready explanation is available for the observa- 
tions by some workers of clonic as well as of tonic movements. 

When a segment of the basilar artery was excluded from the 
circulation by two ligatures some distance apart, a preparation resulted 
in which decerebrate rigidity in extension could be produced at will 
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by turning the head occiput down or by passive extension of the head. 
On the other hand, if allowed to remain at rest, this preparation would 
cause the animal to exhibit normally distributed tone and to jump or 
crawl and at times to'walk. In addition, many reflex activities were 
demonstrable which were absent after the ordinary decerebrate prepara- 
tion. When picrotoxin was introduced into the circulation of such an 
animal, paroxysms of convulsions resulted. The convulsive seizures 
which followed the tonic fit assumed a different character; prolonged 
running movements were common, and many generalized clonic move- 
ments not comparable to typical reflex patterns were seen. When the 
brain stem was cut between the ligatures, only the tonic element of the 
convulsion was demonstrable. It is apparent, therefore, that the con- 

ulsions can be made up of only the movements which can be elicited 
from that part of the central nervous system which remains intact. If 
only tonic reflexes are elicitable, tonic convulsions result; whereas, if 
other reflex activities can be elicited, such as running or walking, they 
may occur as part of the convulsivé pattern. 

We found that when decerebration was periormed prior to the 
administration of picrotoxin, convulsive seizures regularly occurred ; 
whereas, if picrotoxin convulsions were first produced and the animal 
was then decerebrated, the convulsion usually disappeared. Again, it 
is apparent that difference in technic may influence the results, which 
under this condition cannot be used as a basis for physiologic 
interpretation. 

It has been observed by Stewart, Guthrie and Pike that following 
the return of the circulation into a temporarily completely anemic brain 
convulsions are commonly observed. Elsberg and Stookey also 
successfully employed this method of research. When the cerebral 
circulation is interrupted temporarily over a pericd of about eleven 
minutes by clamping the innominate and left subclavian arteries central 
to the origin of the vertebrals, tonic or clonic convulsions occur during 
a period of time varying from ten minutes to an hour after the cerebral 
circulation has been reestablished. In our experiments, we have seen 
that temporary occlusion of the circulation to the cerebrum alone, the 
brain stem being supplied with blood, is never followed by convulsions. 
The anemic decerebrate animal lends itself well to this experiment, 
because temporary occlusion of the carotid arteries is associated con- 
stantly with decerebrate rigidity, which disappears following release 
of the clamps in less than fifteen minutes. Thus further evidence is 
adduced that the site of discharge of some convulsions resides in the 
brain stem. 

If the character of the convulsion depends on the intactness of the 
central nervous system and not on the area stimulated, a preparation in 
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which a convulsant drug could be introduced only to the brain stem and 
not to the cerebrum, the whole nervous system being intact, should 
afford an opportunity for a crucial experiment as to the site of the 
convulsion and the character of movement. 

We have been able to produce such a preparation in which that part 
of the brain cephalad to a ligature on the basilar artery received hepari- 
nized transfused blood into the carotid arteries and that part caudad, 
which included the lower part of the pons and medulla, was supplied 
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Fig. 2.—Diagram of artificial circulation of heparinized blood supplied to the 
cerebral cortex through the carotid arteries. The ligature on the basilar artery 
is in place. The shaded area of the brain is supplied by the animal’s own circula- 
tion, which contains picrotoxin. 


by the animal’s own blood. Thus the animal has an intact central 
nervous system, and drugs introduced intravenously could reach only 
that part of the brain which is caudad to the ligature on the basilar 
artery. After such a preparation, the animal possessed normally dis- 
tributed tone and was capable of performing all of the voluntary move- 
ments of a normal animal. A decerebrate preparation could be produced 
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just as readily by compressing the tubing through which blood was being 
transfused into the carotid arteries as by compressing the carotid arteries 
in the ordinary decerebrate preparation. 

One outstanding difference between the picture of the picrotoxin 
intoxication in this preparation and a normal animal may be noted. 
In the normal animal, many rapid diffuse lightning-like myoclonic 
twitches occurred in all the muscles, but most prominently in the muscles 
of the face and jaws. These twitchings occurred throughout the dura- 
tion of the intoxication and did not have any relation to the fits, although 
they reached a maximum intensity preceding the first convulsion, These 
twitchings were regularly absent in this animal with an artificial circu- 
lation to the cerebrum. The convulsions observed in this animal were 
characterized constantly by tonic fits, which were followed by 
tumultuous, irregularly distributed clonic convulsive movements not 
related to any pattern of running or stepping movements. Animated 
graphic records of these clonic convulsions were similar to those observed 
in normal animals. All of the extremities, the trunk and the neck 
participated in the convulsive movements, which were so sudden and 
tumultuous that it was only with great care and attention that the 
animal and apparatus could be retained in proper place. If the cerebral 
circulation of heparinized blood was interrupted by clamping the tubing, 
a decerebrate preparation with marked extensor rigidity ensued. The 
convulsions then assumed the same characteristics which were observed 
in our ordinary decerebrate animal, namely, a repetition of paroxysms 
of extension regularly followed by emprosthotonos. When the experi- 
ment was continued over some time, a period occurred wherein the 
forelegs were convulsively flexed across the chest. As _ picrotoxin 
finally paralyzed the otic labyrinth, it is not difficult to explain this 
flexor rigidity, as it constantly appears in decerebrate animals when 
the labyrinths are removed. 

From these observations and from accumulated experimental work, 
it may be concluded that whatever element may be lacking in a con- 
vulsion produced in an animal with a mutilated brain, typical convulsions 
do occur in decerebrate animals. The character or degree of the tonic 
fit is dependent, not on the level of decerebration, but on the presence in 
a particular animal of certain tonic reflex patterns prior to the admin- 
istration of the convulsant drug. Further, the complete pattern of a 
convulsion necessitates the background of normaily distributed tone 
and motor function. The clonic element of an experimentally produced 
toxic convulsion, although permitted to appear by the integrity of the 
central nervous system, is not due to any toxic stimulation of the cerebral 
cortex. Lastly, typical tonic and clonic convulsions can be produced 
in an animal in which the cerebral cortex is intact, but in which the 
brain stem alone is stimulated by picrotoxin. 
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VII. THE BASAL METABOLISM 
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Oxygen is of fundamental importance in the metabolic processes of 
the body. Therefore, in any disease condition in which the question of 
metabolism is involved, it is important to know the rate of oxygen con- 
sumption. 

\lthough many authors have stated their belief that in epilepsy there 
is deficient oxidation of tissues, there are few reports concerning the rate 
at which oxygen is consumed by persons who are subject to recurring 
attacks of convulsions. In thirty-two patients with epilepsy, Boothby 
and Sandiford' found that 23 per cent had rates 10 per cent or more 
below normal. In thirteen patients, Bowman and Fry? obtained read- 
ings all of which were within the limits of normal. Without presenting 
data, Nielson * stated that in eighteen patients he obtained an average 


rate of minus 10 per cent. In contrast with these authors, many of 


whose patients showed subnormal rates, Talbot, Hendry and Moriarty * 
obtained rates in fifteen children, based on body weight, which lay 
hetween minus 9 and plus 45 per cent of normal with an average of plus 
15 per cent. For these children a bed calorimeter was used. The 
activity of these patients, of course, could not be entirely controlled. 
More recently, Frisch® stated that he determined the basal metabolic 
rates of forty patients and “in the majority” obtained positive values. 
He gives actual figures for only six patients, of whom all but one had 
average readings greater than 10 per cent above normal. Because the 
observations of these various authors have not been in agreement, and 

* Submitted for publication, Feb. 13, 1928. 

* From the Neuropathological Department of the Harvard Medical School, the 
Thorndike Memorial Laboratory of the Boston City Hospital and the Monson 
State Hospital. 
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because the groups reported have been small, it is important to record 
the observations in a larger series. 


MATERIAL AND METHODS 


We have made measurements of the oxygen consumption in 130 patients with 
‘epilepsy. Fifty of these were inmates of the Monson State Hospital. For per- 
mission to study these patients, we are indebted to the superintendent, Dr. Morgan 
B. Hodskins. The other patients were attendants of the nerve departments of 
the Massachusetts General or Boston City Hospitals, or were private patients of 
one of us. The ages varied from 12 to 50 years; half of the patients were male 
and half were female. The patients were largely unselected, though we were 


especially careful to secure tests of any whose appearance suggested some abnor- 
mality of the endocrine glands. Measurements were made by means of a Benedict- 
Warren metabolism apparatus. Except for the tests made at the Monson State 
Hospital, the graphic recording device was used. A few of the tests were made 
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The basal metabolic readings of 130 patients with epilepsy. Each dot repre- 
sents a measurement in an individual patient. The ordinate represents the per- 
centage deviation from normal, based on the oxygen consumption per unit of body 
surface; the abscissa represents the age of patients. The horizontal solid lines - 
indicate the liberal zone for the limits of normal—plus or minus 15 per cent. The : 
dotted lines indicate the more strict limits—plus or minus 10 per cent. The 
distribution of abnormal measurements is indicated also in table 1. 


for us by the Medical Service of the Massachusetts General Hospital. The usual 
precautions were taken to insure basal conditions. The normal standards of Aub 
and Dubois were used, except that the standards of Talbot, based on the area of 
body surface, were used for children of 14 years and younger. 


RESULTS 


The measurements obtained are recorded graphically in the accom- 4 
panying chart. The average reading for the whole group was 3 per cent ae 
below normal. As stated in table 1, 31 per cent of the measurements . 
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lay outside the zone of plus or minus 10 per cent, and 16 per cent outside 
the zone of plus or minus 15 per cent. Although the strict limits of 
normal are usually taken as within 10 per cent of the mean normal, it 
is well known that, occasionally, apparently healthy persons will have 
metabolic rates which lie without this zone. Of particular interest are 
the “low rate, symptomless” persons who have been encountered in 
several clinics. 

In order to determine the degree of abnormality in our measure- 
ments, we compared their distribution with the distribution of measure- 
ments from certain groups studied at the Mayo Clinic: normal persons 
and patients with functional nervous disturbances and disorders of the 
gastro-intestinal tract. Table 1 shows that rates within 10 per cent 
above or below normal were obtained in 92 per cent of normal persons, 
in 87 per cent and 84 per cent, respectively, of nervously exhausted or 
neurasthenic persons and in 86 per cent of those with functional dis- 
orders of the gastro-intestinal tract. In contrast, only 69 per cent of 


Tas_e 1.—Distribution of Basal Metabolic Rates of Epileptic Patients and of 
Groups of Boothby and Sandiford 


Percentage Having Specified Metabolic Rates 


Number -—— — 

of Over +15to —llto Below +10to +15to 
Group Patients +15 +11 —15 —15 —10 —15 
Epileptie patients. . - ws wien 130 4.6 3.1 11.5 11.5 69.2 83.8 
Normal....... ; ‘ 127 0.7 4.0 3.2 oat 92.1 99.3 
Ohronie nervous exhaustion 267 0.7 8.6 2.3 1.2 87.3 98.2 
Neurasthenia....... . 1.4 9.4 3.6 0.3 84.3 97.3 
Gastro-intestinal disorders we 8 5.0 4.1 3.1 2.0 8.7 92.9 


our patients had rates which were within these limits. The chief dif- 
ference in our group of epileptic patients is the disproportionately large 
number with rates below 10 per cent of normal: 23 per cent as against 
less than 5 per cent for the Mayo groups. 

The question naturally arises whether the decreased consumption of 
oxygen of these patients with low rates was progressive, the result pos- 
sibly of the convulsive condition. It will be seen that most of the persons 
with a low rate were young. Table 2 shows that patients with abnormally 
low rates were not necessarily those who had had symptoms for long 
periods of time. In other words, the abnormalities in the basal 
metabolism did not seem to be the result of continued seizures. The 
patient, E. Cr., whose rate was minus 32 per cent, had had essentially 
the same rate four years previously. Patients with abnormal rates were 
equally distributed between the sexes. 

Information concerning the forty patients whose measurements were 
outside the strict limits of normal is contained in table 2. In ten patients 
(8 per cent) the rates were 10 or more per cent above normal. Only 
one of these was above 20 per cent or showed clinical evidence of hyper- 
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thyroidism. This patient, whose metabolic rate was 37 per cent above 
normal, had well marked signs of an exophthalmic goiter of long stand- 
ing. It should be stated that this patient was the only one in an institu- 
tion containing 1,200 epileptic persons who showed unmistakable clinical 
signs of hyperthyroidism. In an entirely unselected group, probably she 
would not have been included. Apparently, the coexistence of epilepsy 
and hyperthyroidism is rare. Serejski® has reviewed the literature and 


TaBLe 2.—Epileptic Patients with Basal Metabolic Rates Above and Below 
10 Per Cent of the Mean Normal 


Duration of Basal Metabolic 


Subject Sex* Age Seizures, Years Rate, per Cent 
2 46 33 + 37 
15 3 mo. + 19 
of 26 2 + 16 
12 2 + 16 

. M. C 12 2 mo + 13 

. D. ; 13 6 + ll 

. 8. ref 41 12 — il 

. B. J 22 8 11 
3. O. ° 15 5 — 11 

. A. 3 7 — ill 

eo rol 3 4 — 12 

rol 39 15 —12 

B.G 37 18 — 12 

. d. K rofl 22 6 — 12 
9. M.§ ° 24 7 — 13 

. G. Q 27 3 — 13 

rol 16 5 — 13 
2. G. L rol 14 9 — 13 

37 10 — 13 

2 14 14 
32 18 
34 4 — 16 
g 18 0 
rol 15 1 — 16 
ref 22 5 16 
? 28 13 — 18 
g 19 11 — 18 
9 16 6 — 19 
29 19 — 
? 18 5 — w 
ref 16 14 — 22 
rol 41 12 — 2 
fof 16 15 — 2 
g 13 12 — 32 
fof 24 6 — 35 
rol 42 3 — 35 


* In this table, ¢ indicates male; and 9, female. 


added case reports of four patients who had convulsions and clinical 
evidence of hyperthyroidism. We believe, however, that our case is the 
only one so far reported in which a diagnosis of hyperthydroidism has 
been confirmed by determination of the basal metabolic rate. 

A larger group of patients, 23 per cent, had rates which were 10 
per cent or more below normal. Half of these (12 per cent of the total) 
had rates which were 15 per cent or more below. In four instances the 


6. Serejski, M.: Ueber die endokrin-toxische Epilepsie (eine Fragestellung), 
Ztschr. f. d. ges. Neurol. u. Psychiat. 105:614 (Nov. 10) 1926. 
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oxygen consumption was in the vicinity of minus 30 per cent, a rate as 
low as is ordinarily found in frank cases of myxedema. One of these 
four patients presented rather definite evidence of endocrine disturbance. 
This patient, E. Cr., was an obese girl, aged 13 years, an inmate of 
Monson State Hospital, who for twelve years had had periods of nar- 
colepsy and frequent spells of petit mal with occasional grand mal. 
The basal metabolic rate was minus 32 per cent. She had been studied 
by Dr. Bowman at the Boston Psychopathic Hospital four years previ- 
ously. At that time, basal metabolic readings of between 21 and 33 per 
cent below normal were obtained. The patient had a low sugar curve; 
the sella by roentgenographic study was small with one thick and one 
thin posterior clinoid process. The spinal fluid was normal. (At the 
time of our examination the spinal fluid pressure was high, 280 mm.) 
Under Dr. Bowman’s care, various combinations of endocrine glands were 
administered. The greatest improvement seemed to follow the use of 
whole pituitary gland, 5 grains (0.32 Gm.) ; thyroid, 4 grains (0.26 Gm.), 
and ovarian extract, 3 grains (0.19 Gm.) daily. While the patient was 
taking this medication the metabolism was normal. Three years after 
our initial observation (seven years after that of Dr. Bowman) we again 
measured the rate and found it minus 7 per cent. The physical and 
mental condition had also changed strikingly. The patient was thin in 
place of obese, she had become markedly deteriorated mentally and the 
attacks of grand mal had increased in severity. One patient, H. Bo., 
was an obese man, aged 42, with a waxy skin, polyuria and a blood sugar 
curve suggesting disturbance of the pituitary gland. His convulsions, 
however, proved to be due to a glioma of the temporal lobe of the 
brain. It is possible that the increase in intracranial pressure which he 
had may have reduced the oxygen consumption. We have not seen any 
observations on this point. The other two patients with extremely low 
rates did not show any signs suggesting myxedema. Indeed, one patient 
with the lowest rate, minus 35 per cent, was suspected by his physician 
of having hyperthyroidism. 

In endeavoring to explain the low rates which nearly one fourth of 
our patients showed, the most evident question concerns the activity of 
the endocrine glands, and especially those most clearly related to the rate 
of consumption of oxygen in the body: the thyroid, suprarenal and 
pituitary glands. 

Decreased activity of the thyroid is uniformly associated with a 
decreased rate of oxygen consumption. Many clinicians have explained 
epilepsy on the basis of decreased function of the thyroid. None of the 
evidence, however, either experimental or clinical, which we have 
encountered is convincing. We have already stated that none of our 
patients with a low rate presented clinical evidence of myxedema. The 
rate of one child, A. Wi., was minus 11 per cent based on body surface, 
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and minus 22 based on weight. Her mother has myxedema with a rate 
of approximately minus 30 per cent. The mother of another child, 
whose rate was normal, had typical myxedema of long standing with 
a rate of minus 25 per cent. If the thyroid is at fault, it is improbable 
that it is the only gland concerned. 

Two of the eight patients with rates of 20 per cent or more below 
normal were apparently normal physically. Four had the body structure 
and the flat blood sugar curves which have been associated with dis- 
turbed functioning of the pituitary gland. In 107 cases of proved hypo- 
pituitarism, Cushing * obtained an average basal metabolic rate of minus 
14 per cent. It seems probable that the subnormal rates in these four 
patients (and also in several others whose metabolism was only moder- 
ately reduced) can be explained on the basis of a subnormal activity of 
the pituitary gland. Of the eight patients, two (with rates of minus 29 
and minus 35 per cent) were thin, with extremely poor posture, a marked 
degree of visceroptosis by roentgen-ray examination and low blood pres- 
sure. In fifty-six of 100 patients: with visceroptosis, Burbeck * found 
basal metabolic rates which were 10 per cent or more below normal. It 
is, therefore, conceivable that poor musculature, possibly with an asso- 
ciated subnormal function of the suprarenal glands, might account for 
the low rates in these two patients. 

Another question which arises concerns the influence of the mental 
deterioration which many of the patients showed. Bowman and Fry ?” 
have reviewed the literature and presented their own data, showing the 
relative frequency of low basal metabolic readings in various types of 
mental disorders. In any such groups of institutional patients it is 
possible that the confined, sedentary life may result in a decrease in the 
oxidative processes in the body. Only two of our eight patients with 
rates of minus 20 per cent or below were inmates of an institution, how- 
ever, and only four showed mental deterioration. 

Persons who are starving or who are greatly undernournished have 
a low rate of oxygen consumption. Our patients, however, like most 
epileptic patients, were heavy eaters and, in most instances, were well 
nourished. Many of the patients were taking phenobarbital. In order 
to determine what effect phenobarbital has on consumption of oxygen, 
we injected phenobarbital sodium intravenously while the metabolism 
was being measured. The injection of large amounts, 10 (0.65 Gm.) 
and in one instance 20 grains (1.3 Gm.), did not appreciably affect the 
rate of consumption of oxygen. 

It is possible that the low metabolic rates encountered may be in the 
nature of a mechanism of defense. In some of our patients seizures 


7. Cushing, H., and Davidoff, L. M.: Studies in Acromegaly: IV. The Basal 
Metabolism. Arch. Int. Med. 39:673 (May 15) 1927. 


8. Burbeck, E. K.: Personal communication to the authors. 
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were increased when oxygen consumption was artificially increased by 
ingestion of thyroid. In none did we see apparent benefit from its use ; 
however, we did not use thyroid in a sufficient number of patients with 
the low rates to be certain of its clinical effect. 

We look on seizures as a symptom, and in any large group of patients 
having convulsions we do not expect to find any clinically demonstrable 
abnormality which is common to all. The occurrence of low basal 
metabolic rates in a minority of these patients may be of etiologic 
importance in these particular patients. In a few of these the glands of 
internal secretion—and more particularly the pituitary gland—may be 
at fault. In others, the condition is presumably merely an accom- 
panying sign of a body which, because of faulty mechanics or mus- 
culature, is functioning below its normal level. 

The evidence here presented deals only with single measurements 
made without reference to seizures. It is possible, as Frisch® has 
recently observed, that epileptic patients may show abnormal variation 
in rates from day to day. It is also possible, as DeCrinis ® and Arnoldi 
and Ferber '® have stated, that decreased consumption of oxygen may 
be demonstrable just before seizures. Again, there may be,a consump- 
tion of oxygen by the whole body which is normal and at the same time 
a decreased rate of oxidation taking place in the central nervous system. 
The evidence concerning these various considerations has been reviewed 
recently by Lennox and Cobb."* In addition, these authors present evi- 
dence showing that in patients having frequent seizures, a deficient 
supply of oxygen to the body may precipitate seizures and an over supply 
may tend to prevent them. More detailed observations on this point will 
be presented elsewhere. 

SUMMARY 

Measurements of the rate of consumption of oxygen have been made 
in 130 patients with epilepsy. The average basal metabolic rate for the 
group was 3 per cent below normal. Thirty-one per cent of the measure- 
ments were outside the normal zone of 10 per cent above or below 
normal. Twenty-three per cent were 10 per cent or more and 12 per 
cent were 15 per cent or more below normal. In certain of the patients, 
the low rates could apparently be explained by a disturbed function of 
the pituitary gland; in others, they may be an evidence of bodies which, 
because of poor musculature and faulty posture, are functioning below 
their normal levels. 


9. DeCrinis, M.: Ueber den Stoffwechsel beim epileptischen Symptomenkom- 
plex, Ztschr. f. d. ges. Neurol. u. Psychiat., 99:718, 1925. 

10. Arnoldi, W., and Ferber, J.: Die Wirkung von Ca, Na, und K Salzen 
auf den Gaswechsel, Ztschr. f. klin. Med. 97:208 (Sept. 20) 1923. 

11. Lennox, W. G., and Cobb, S.: Epilepsy from the Standpoint of Physiology 
and Treatment, Baltimore, The Waverly Press, 1928. 


STUDIES IN EPILEPSY 
VIII. THE CLINICAL. EFFECT OF FASTING * 


WILLIAM G. LENNOX, M.D. 
AND 
STANLEY COBB, M.D. 


BOSTON 


The most interesting recent development in the treatment of patients 
with epilepsy has been the apparent beneficial effect of measures associ- 
ated with ketosis, viz., fasting and a high fat—low carbohydrate diet. 
During the past six years, we have been making observations on this 
subject with two points in mind: (1) to observe the clinical effect of 
fasting on seizures, and (2) to study the changes which take place 
in body metabolism that might explain the therapeutic results obtained. 
With reference to the latter consideration, certain changes in blood 
chemistry and metabolism which we believe to be without significance 
for epilepsy have been published.t Our observations concerning the 
changes which are of apparent effect, in both fasting and fat diet and 
in other procedures designed to influence the frequency of seizures, have 
been summarized in a recent publication? and will be presented in 
detail elsewhere.* Our object in this paper is to present our observations 
concerning the first point—the clinical effect of fasting. 

Since the early ages, fasting has been a much used, if not a popular, 
method for the treatment of various diseases, including convulsions. 
Jesus, when presented with an unusually severe case of epilepsy which 
his disciples were unable to cure, said “This kind (of evil spirit) goeth 
not out but by prayer and fasting” (Mark 9:24). 

In 1911, Guelpa and Marie,‘ in a brief article, advocate the use of a 
regimen consisting of alternate periods of fast and purgation (four 


* Submitted for publication, Jan. 18, 1928. 

*From the Department of Neuropathology, Harvard Medical School, the 
Medical Service of the Massachusetts General Hospital and the Thorndike 
Memorial Laboratory of the Boston City Hospital. Dr. Lennox was a Fellow in 
Medicine of the National Research Council during the greater portion of this 
research. 

1. Lennox, W. G., and O’Connor, M.: A Study of the Retention of Uric 
Acid During Fasting, J. Biol. Chem. 66:521 (Dec.) 1925. Lennox, W. G.; 
O’Connor, M., and Bellinger, M.: Chemical Changes in the Blood During Fasting 
in the Human Subject, Arch. Int. Med. 38:553 (Nov.) 1926. 

2. Lennox, W. G., and Cobb, S.: Epilepsy from the Standpoint of Physiology 
and Treatment, Baltimore, The Waverly Press, 1928. 

3. Lennox, W. G., and Cobb, S.: The Effect of Altering the Acid-Base 
Balance of the Blood, to be published. 

4. Guelpa, G., and Marie, A.: La lutte contre l’épilepsie par la désintoxication 
et par la ré-education alimentaire, Bull. gén. de thérap. 160:616, 1911. 
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days) and of a low calorie carbohydrate diet, the object being to keep 
the patients thin. Of the twenty epileptic patients whom they attempted 
to treat in this manner, only one or two carried out the directions. The 
authors say seizures were less severe during treatment, but they present 
no data. In this country the person who has treated by fasting more 
epileptic patients than any other is Conklin, an osteopathic practitioner 
at Battle Creek, Mich. Beginning as an assistant to Bernarr Mac- 
Fadden, a physical culture and diet faddist, he has used fasting treat- 
ment for various medical disorders for nearly twenty years. During 
this time, he has treated hundreds of persons with epilepsy by fasting. 
He has written one article only on the subject,® so that our information 
concerning his results has come through visits to his clinic and personal 
communications. Unfortunately, Conklin has not kept adequate clinical 
records of his patients, so that in spite of the large experience he has 
had, his results with thts form of treatment cannot be treated statistically. 
He has been good enough to furnish us with short case records of 
127 epileptic patients treated by fasting during the past ten years. These 
records are inadequate because of the absence, in many instances, of 
information concerning the frequency of seizures before or after the 
fast and the length of time which has elapsed since the fast was com- 
pleted. <A tabulation of the data, as given, shows that among the 
127 patients Conklin saw no benefit from fasting in about 30 per cent. 
In about 50 per cent, he believes there was some evidence of improve- 
ment in the symptoms, and in about 20 per cent, the patients have 


been free from seizures since the fast. In some cases, the time interval 


which has elapsed is ten years. If these percentages could be accepted 
as representative of the results obtained in the total number treated, 
they would be encouraging. It is probable, however, as Conklin himself 
suggests, that the patients whom he remembers are those who have been 
most helped and that analysis of the whole number treated would give 
much less encouraging results. Conklin does not accept patients who 
are mentally deteriorated or syphilitic; he gives osteopathic treatments 
daily during the fast and employs a comparatively long fasting period, 
up to thirty-one days. When the patient is willing, periods of fasting 
are employed repeatedly. We know that Conklin’s example has been 


followed by many osteopathic practitioners throughout the country, but 
we have not seen any published accounts of their results. 

With treatment by fasting in cases of epilepsy, conducted under 
scientifically controlled conditions, Geyelin has had much the largest 
experience. Unfortunately, his extensive data concerning patients who 
were treated in this manner at the Presbyterian Hospital, New York, 


5. Conklin, H. W.: The Cause and Treatment of Epilepsy, J. Am. Osteo. 
22:11 (Sept.) 1922. 
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have not yet been published. In 1921,° he gave a summary of pre- 
liminary results with twenty-six patients, twenty of whom had been 
improved by the fast. As time went on, many of these apparently 
improved. patients relapsed so that at the present time of seventy-nine 
treated children under 15 years, fifteen have been free from attacks, and 
of 200 adults only one has been free for more than two years.’ Bigwood ° 
has published results concerning forty patients, the first ten of whom 
were observed while working with Geyelin. Bigwood found improve- 
ment in most of these patients during the fast. He was concerned 
principally with the relation of seizures to the py and the calcium con- 
tent of the blood, and does not give information concerning the ultimate 
results of the fast. Goldbloom,®? and Vollmer and Serebrijski *® each 
treated a child by fasting and noted a temporary decrease in seizures. 
Talbot * and his associates (Hoeffel, Moriarty and Shaw) have treated 
twenty-four children by fasting. They observed a marked decrease or 
absence of seizures during the fast. Schou and Teglbjoerg ** treated 
thirteen adults by fasting for from two to six days. Spells, which were 
absent during the fast, returned in from four days to two months after 
resumption of food. Karger ‘'* treated nine children by fasting with 
improvement in all but two. Seizures recurred as soon as the fast was 
broken. Riddoch ** states simply that “a proportion” of patients who 
have fasted have improved. 

6. Geyelin, H. R.: Fasting as a Method for Treating Epilepsy, M. Rec. 99: 
1037, 1921. 

7. Geyelin, H. R.: Diet and the Endocrines in Epilepsy, Clin. Med. & Surg. 
35:322 (May) 1928. 

8. Bigwood, E. J.: L’equilibre physicochimique du sang dans 1’épilepsie, Ann. 
de méd. 15:24 and 119 (Jan.-Feb.) 1924. 

9. Goldbloom, A.: Some Observations on the Starvation Treatment of 
Epilepsy, Canad. M. A. J. 12:539 (Aug.) 1922. 

10. Vollmer, H., and Serebrijski, J.: Epilepsiestoffwechsel, Ztschr. f. Kinderh. 
41:314 (June) 1926. 

11. Shaw, E. B., and Moriarty, M.: Hypoglycemia and Acidosis in Fasting 
Children with Idiopathic Epilepsy, Am. J. Dis. Child. 28:553 (Nov.) 1924. 
Hoeffel, G. N., and Moriarty, M.: The Effect of Fasting on the Metabolism of 
Epileptic Children, Am. J. Dis. Child. 28:16 (July) 1924. Talbot, F. B.; Metcalf, 
K., and Moriarty, M.: A Clinical Study of Epileptic Children Treated by 
Ketogenic Diet, Boston M. & S. J. 196:89 (Jan. 20) 1927. Talbot, F. B.; 
Metcalf, K., and Moriarty, M.: Epilepsy; Chemical Investigations of Rational 
Treatment by Production of Ketosis, Am. J. Dis. Child. 33:218 (Feb.) 1927. 

12. Schou, H. I., and Teglbjoerg, H. P. S.: Behandling Epilepsi med. 
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These various authors are agreed that during the period of fast, 
seizures are either absent or greatly diminished. On the other hand, 
Weeks, Renner, Allen and Wishart * state that they saw no beneficial 
results in a group of sixty-four patients who fasted for a period of 
three weeks. We have tabulated their data and find that in a group of 
forty-nine patients, in whom the situation was not complicated through 
use of a previous special diet, the number of convulsions, counting the 
prefasting seizures as 100, was as follows: first week of fast, 122; 
second week, 59; third week, 100, and the three months following, 106. 
These patients were adult institutional patients. The disappointing 
results of fasting parallels the general lack of therapeutic results by any 
method of treatment in this type of patient. 


MATERIAL AND METHODS 

Our twenty-seven patients fasted in the medical wards of the Massa- 
chusetts General Hospital or in the ward of the Thorndike Memorial 
Laboratory of the Boston City Hospital. After a preliminary period 
of observation, patients were given only water by mouth, except that 
in some of the fasts certain nonnutritive substances were given in order 
to observe their effect on the blood chemistry or on seizures. The 
periods of fast varied from four to twenty-one days. During this time 
all patients except one were confined to the ward, but were encouraged 
to be out of bed. Most of the patients were ordinarily employed at 
work or at school, and all but two were normal, or nearly normal, 
mentally. Fifteen were male and twelve female. The ages varied 
from 13 to 42 years. In all patients, save one, seizures had been 
present for four years or longer. In only two of the patients had the 
total number of seizures been few in number. Most of them had had 
hundreds of seizures. We estimated that patient 11 had had as many 
as 10,000 convulsions. Naturally, patients who were willing to undergo 
this method of treatment were those who had not been helped by other 
means of therapy, and they were therefore not hopeful prospects. 
Patients kept account of their seizures and, except in one or two 
instances, cooperated fully in maintaining the fast. The use of pheno- 
barbital was discontinued after the first few days of the fast. 


RESULTS DURING THE FAST 

Summaries of the data concerning these patients are shown. in the 
accompanying table. The sixth column of this table, giving the fre- 
quency of seizures during the fast, shows that in ten of the twenty- 
seven fasting periods there was a complete absence of seizures. This 
information, however, is without value unless comparison is made with 


15. Weeks, D. F.; Allen, F. M.; Renner, D. S., and Wishart, M. B.: Fasting 
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the prefasting frequency. In these ten patients, convulsions came at 
such infrequent intervals that freedom from symptoms during the 
comparatively short period of starvation was without significance. 

Of the remaining eighteen periods, in all of which seizures occurred, 
attacks were more frequent than before the fast in two. In one of 
these, patient 17, this increased frequency was apparently related to 
the administration of sodium bicarbonate during two days of the fast. 
In the other, patient 23, the attacks were hysterical in character and 
the patient refused to prolong the fast beyond the fifth day. In six 
periods (patients 8, 9, 11, 14, 18 and 22) one or more attacks occurred 
during the fast and at a frequency which approached the usual fre- 
quency of the spells. In ten periods (patients 1 to 5, 10, 13, 16, 21 
and 28), although seizures occurred, they were strikingly less frequent 
than during the prefasting period. Therefore in one third of the fast- 
ing periods, there was evidence of a marked decrease in seizures. But 
in many of the periods, owing to the infrequency of prefasting attacks, 
the results were indeterminate. We find that of the eighteen periods 
in which we can form some judgment of the effect on seizures, there 
was a marked reduction in attacks in ten, approximately 50 per cent. 

For such short periods of observation, the only really convincing 
evidence is obtained from those patients having frequent attacks. The 
first five patients listed in the table were the only ones having five or 
more attacks every day who fasted for a week or more. From 
these we obtained an actual count of seizures for a period of a week or 
more preceding the fast. Patient 1 was not able to keep account of his 
attacks, which were of grand mal type, so that special day and night 
nurses were employed who kept the record. The results with these 
five patients are shown in the accompanying chart. In this chart, the 
daily number of seizures has been calculated with reference to the 
average prefasting level, taking this level as 100. The heavy, solid 
line represents the average for the whole group of five. It will be seen 
that during the first two days of the fast, the average number of spells 
was increased. Then they fell precipitously to a low point which was 
reached at the end of six days. They continued on this low level as 
long as the fast lasted. In four of the five patients the spells ceased 
entirely, whereas in one, though greatly reduced, they were still present. 
This patient, a young man, aged 17, had had from 25 to 100 petit mal 
attacks daily and grand mal occasionally for some ten years. The 
results with this small group give convincing evidence that in young 
patients with frequent seizures, fasting is associated with a marked 
decrease in the frequency of seizures. In a subsequent publication we 
shall analyze the factors which contribute to this result. We were 
particularly interested to observe that fasting was effective in stopping 
seizures in certain patients whose speils were not at all influenced by 
the ingestion of phenobarbital. 
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RESULTS FOLLOWING THE FAST 

The demonstration that epileptic attacks are usually decreased dur- 
ing fasting is of considerable importance in arriving at an understanding 
of the mechanism involved in convulsions. From the therapeutic 
point of view, however, the important question is whether benefit 
persists for any important length of time after the fast is broken. 
The next to the last column of the table summarizes the end-results in 
our group of patients. It will be seen that in all but two of these 
cases, attacks recurred after food was again ingested. The fifth or sixth 


day after breaking fast seems to be a favorite time for seizures to 


PREFASTING NUMBER OF SEIZURES 
ALL CURVES 


DAILY NO. OF SPELLS — PERCENTAGE OF PREFASTING NO. 


ys 
cand, 
OT. Cc JB 
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The daily number of seizures during fast of the five patients who had five 
or more spells daily in the prefasting period. The ordinates represent the per- 
centage of seizures, taking the prefasting number as 100. The abscissas represent 
days, the last arrows indicating the end of the fast for each patient. The heavy 
solid line is the average of the five curves. The record of two days of patient 
L. R. is omitted because of the introduction of experimental procedures which 
influenced the results. 


reappear. This is a time when there is a compensatory alkalosis follow- 
ing the long period of fasting acidosis. 

We have been able to follow all but three of our patients for a 
period of from one to five years after the fast. Patient 25 was followed 
for only three months. Because he had spells previously at a 
rather infrequent, irregular rate, the fact that he had no attack for 
the three months subsequent to the fast is not conclusive evidence of 
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benefit from the fast. Patient 16 had a spell the second day after the 
fast and then none for the year in which we were able to follow her. 
This patient, the only one of the series in whom there seemed to be 
permanent beneficial results from fasting, was also the only one in 
whom seizures had been present for a short period only. She was also 
the only one in whom the seizures were jacksonian in type. In her 
case, the diagnosis was not clear. Several years previously, Dr. James B. 
Ayer had treated her for syphilis of the central nervous system. 
Recently she had had a rapid gain in weight, suggesting an endocrine 
disturbance. For the month preceding the fast, seizures occurred 
several times a day. They ceased after the second day of fasting, not 
to recur. 

Three of the patients were distinctly better after the fast than 
before. One of these, patient 19, a slender girl, aged 22, had essential 
hypertension and a story of attacks which came whenever she ate meat. 
She fasted for six days, with marked decrease in blood pressure. For 
the following ten days, she was given nothing but protein food in the 
form of meat and white of egg. On this diet, the weight and blood 
pressure remained at the low fasting level, and the attacks did not 
recur. With the resumption of a regular diet, the blood pressure rose 
to its former level, but the attacks were less frequent than before she 
entered the hospital. Patient 1 was better for two months after return- 
ing home, but the attacks then recurred. The postfasting decrease in 
frequency of seizures of patient 2 was due to the ketogenic diet which 
she was taking rather than to the fast. Patient 14, who had had severe 
convulsions at the rate of several a month for twenty-two years before 
fasting and for three years after, has been entirely free from attacks for 
the last twenty months. Obviously, his present remission cannot be 
ascribed to the period of fasting, nor was it associated with any change 
in treatment or manner of life. Such spontaneous “cures” of epilepsy 
befuddle the issue in many medical reports and prove effective bait for 
many vendors of drugs. 

Three of the patients have died since fasting. Autopsy was per- 
formed on two. Patient 21 was a girl, aged 15, who had had severe 
epilepsy for six years. The seizures began shortly’after a psychic 
trauma (attempted rape). For several months, she had been having 
convulsions daily. During the first week of a fast, convulsions were 
nearly absent, but they recurred during the latter part of the period when 
sodium bicarbonate was given. A week after the fast was broken, the 
patient went into a prolonged status epilepticus. Autopsy revealed a 
glioma of the temporal lobe of the brain with extension into the 
meninges. The relationship of this new growth to the beginning of 
fits six years previously is problematic. Patient 15 was an obese girl, 
aged 19, who had had convulsions for ten years. Thirty-eight days of 
fasting in two periods did not affect the frequency of seizures. Several 
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Patient 


J. Bro. 


. D. Th. 


Ss. Sm 


. F. Va. 


. 8S. Ha. 


. M. Go. 


S. Wa. 


. B. Me. 


G. Wa. 


7. O. Ga. 


17 


Secoad 


99 


13 


+0 AQ, 


Duration of 


Symp- 


Effect of Fasting on Seizures 


toms, Fast, — 
Age Sex* Years Days 


l1mo 


15 


12 


6 


Before Fast 


5-10 a day 
50-500 a day 
5-15 a day 
5-15 a day 
10-50 a day 


1-2 a month 


3-10 a month 


2-4 a month 


1-4 a month 


G. M. 3-4 a 


month; P. M. 


1-2 a day 
2-100 a 
month 
la month 
G.M.la 
month; P. M. 
-4aday 
10-20 a month 


0-10 a month 


1-2 a day 


12-18 a month 


4-10 a month 
2a month 


1-2 a month 


2-4 a day 
1-2 a month, 
none for 6 


months 
5-25 a month 


0-2 a month 


1-2 a month 
0-1 a month 
10-15 a day 


* In this table, ¢ indicates male; 9, female. 


Approximate 
Number of 


Seizures 
AW 
During After Remarks 
None after 6 in 24 days Grand mal 
5th day 
None after 25-75 a day Myoclonie 
5th day 
None after Prefasting Petit mal 
5th day rate 
None after Prefasting Petit mal 
5th day rate 
After 4th Prefasting Petit mal, occa- 
day 2-20 rate sional grand mal 
None 1 on 6th day, Grand mal | 
then at pre- 
fasting rate 
None 5 in first Light grand mal; 
6 days hysterical patient; 
visceroptosis 
One Prefasting Grand mal 
rate 
One On 5th day; Grand mal 
then at pre- 
fasting rate 
4P. M. On 5th day; Seizures during fast 
then at pre- followed feeding 
fasting rate of thyroid 
37 in all First day; Grand mal 
then prefast- 
ing rate 
None On 5th day; Grand mal 
then at pre 
fasting rate 
G. M., 3; First day; 
P.M. almost then prefast- 
absent ing rate 
9 Fifth day; Grand mal; vis- 
then at pre- ceroptosis had 
fasting rate had colectomy 
None 3-4 a month Death a year later, 
status lymphaticus 
None Prefasting 
rate 
None after On 2d day, Jacksonian type; 
2d day then none probable syphilis 
of central ner- 
vous system 
50 On 12th day; Grand mal; 
then at pre- alkali given 
fasting rate 
One 1-2 a month Grand mal 
None On 12th day; Blood pres- 
4in lst month; sure, 200 
later almost 
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None Prefasting Grand mal 
Rate 
17 1 week after Grand mal; 
status epilep- alkali given 
ticus; death 
One Prefasting Grand mal 
rate 
11 on 3d day Unknown Grand mal from 
1to7 years of 
age; hysteria 
for 2 years 
None Pifth day; Grand mal; death 
then at pre- several months 
fasting rate after 
None None in 3 Grand mal 
months 
None 12th day; then Grand mal 
24 a month 
None after 2d day; then pre- Petit mal 
5th day fasting rate 
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months after the last fast, she was found dead in bed one morning. 
Autopsy revealed a large persistent thymus gland and numerous cysts 
in the ovaries. It is of interest that in this case fasting had not caused 
disappearance of the thymus gland, as it is reported to do in animals. 
The patient who developed a status epilepticus a week after break- 
ing fast was the only one whose condition was definitely worse after a 
fast. The great majority of patients, twenty-one of twenty-seven, 
were in approximately the same condition after fasting as they were 
before. 
COMMENT 


It would be strange if any acute therapeutic dietetic measure gave 
lasting results in such a chronic condition as epilepsy. One is not sur- 
prised, therefore, with the essentially negative results of fasting. Fre- 
quently repeated fasts have been advocated, but our impression from 
Conklin’s cases is that the maximum result is obtained from the first 


fast. It is possible that if this treatment was given early in the disease, 
before the epileptic habit had been’ established, results would be more 
encouraging. 

We do not share the enthusiasm of those who, as a result of obser- 
vations in animals, look on fasting as a beneficial rejuvenating experi- 
ence. In human beings it is often a severe ordeal for the body. Because 
of the attendant acidosis, most patients, while without food, are dull 
and lethargic. Two of our patients, 11 and 17, developed an acute 
psychosis, which cleared up when the fast was broken. As a result of 
our observations—as well as of those reported by other unprejudiced 
observers—we believe that fasting has no place in the routine care of 
those afflicted with recurrent convulsions except as a means of inaugurat- 
ing a high fat diet. Patients who are helped by fasting will receive even 


more benefit from continued use of a ketogenic diet. 

We believe, however, that fasting may be useful as an emergency 
procedure for certain patients. In status epilepticus or serial seizures, 
it is probable that the involuntary fast, due to the patient’s inability to 
take nourishment, may often be an important factor in causing cessation 
of the attacks. It may be employed in other cases to tide the patients 
over a particularly difficult time or when status epilepticus seems 
imminent. 
SUMMARY 


Twenty-seven patients with convulsions have fasted for periods of 
from four to twenty-one days. Except in one patient, there was little 
permanent effect on the seizures. In the majority of patients, seizures 
were absent or greatly reduced during the fast itself. As a thera- 
peutic emergency measure, fasting may be useful in helping patients 
over a period of frequent seizures. 
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BARRIER BETWEEN THE BLOOD AND THE CERE- 
BROSPINAL FLUID 


CHANGES IN PERMEABILITY IN MENTAL DISEASES * 


WILLIAM MALAMUD, M.D. 


DOUGLAS M. FUCHS, M.D. 
AND 
NATHAN MALAMUD 


FOXBORO, MASS, 


Investigations on the relative degrees of the passage of different 
substances from the blood into the cerebrospinal fluid have led to the 
assumption that a barrier exists between these two fluids. This was 
based on the experimental observations that substances injected into the 
blood stream do not necessarily reach the spinal fluid in the same pro- 
portions as they are found in the blood. This discovery of what 
appeared to be a mechanism regulating the passage of different sub- 
stances from the blood into the cerebrospinal fluid led to further research 
by physiologists as well as by those whose interests were more along 
clinical and therapeutic lines. The physiologist was interested primarily 
in the nature and localization of this mechanism. The clinician, how- 
ever, searched for possible changes in this mechanism in different 
pathologic conditions, as well as for methods whereby it could be 
influenced for therapeutic purposes. In the present communication we 
propose to present the results of investigations that were undertaken by 
us chiefly along clinical lines. A few general remarks on the various 
aspects of the problem, however, will be necessary, especially as we pro- 
pose to discuss physiologic and therapeutic considerations in future 
communications. 

The question concerning the nature and localization of this 
mechanism, which, with Stern and Gautier, we may designate as the 
barriere hématoencéphalique, is intimately connected with the much 
discussed theories of the nature and source of the cerebrospinal fluid 
in general. The cerebrospinal fluid has been termed by different 
observers a secretion, a filtrate, a dialysate, a transudate or a combination 


of any two or more of these. As the evidence for or against any one of 


these theories is not yet definite enough to admit of universal acceptance, 
it would be somewhat out of our scope to present them individually, espe- 

* Submitted for publication, Jan. 19, 1928. 

* From the Foxborough State Hospital. 

* Read at a meeting of the Boston Society of Neurology and Psychiatry; 
Jan. 19, 1928. 

1. Stern and Gautier: Recherches sur la liquide céphalo-rachidien, Arch. 
internat. de physiol. 17:391, 1921-1922, and 20:403, 1922-1923. 
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cially because clear expositions of each of these theories are available in 
the literature. A comprehensive and clear review of the problem was 
presented by Fremont-Smith,? although he leans decidedly to the 
dialysate theory, championed chiefly by Mestrezat. The diametrically 
opposed theory of active secretion is the older of the two and is still 
sponsored by many German investigators, although some of them 
( Walter,’ Kafka * and others) believe that both mechanisms are more or 
less equally represented in the production of the cerebrospinal fluid. In 
a similar manner, opinions are divided concerning the source of the 
cerebrospinal fluid. Most observers regard the choroid plexus as the 
most important, if not the exclusive, source. Some authors, however, 
bring proof to show that the capillaries, the meninges, the ventricular 
ependyma and even the brain substance itself are partly or wholly 
responsible for the production of the cerebrospinal fluid. 

It is clear that these views must inevitably be reflected in the points 
of view taken by different investigators of the nature and localization 
‘f the barrier between the blood ard the cerebrospinal fluid. Of the 
earliest workers in this field, von Monakoff,® Mestrezat ®° and Fleisch- 
mann? favored the choroid plexus as the chief, if not the only localiza- 
tion of this barrier. Von Monakoff was further of the opinion that the 
‘:pendyma, too, plays an important role in it. Spatz,* Weil ® and others 
believed that the meninges and endothelium of the capillaries play the 
most important part, whereas Zylberblast-Zand *° attached most impor- 
tance to the meninges themselves. Similarly, opinions differ concerning 
the nature of this mechanism; for the present it is probably better to 
speak of it as 2 barrier rather than to limit it to the concept of a semi- 
permeable membrane. This question, however, will be discussed more 
fully later. 

2. Fremont-Smith, F.: The Nature of the Cerebrospinal Fluid, Arch. Neurol. 
& Psychiat. 17:317 (March) 1927. 

3. Walter, F. K.: Theorie und Praxis der Permeabilitaetspruefung, Arch. f. 
Psychiat. 79: 363, 1927. 

4. Kafka, V.: Prinzipielles zum Permeabilitaetsproblem, Jahresvers. d. 
Deutsch. Ver. f. Psychiat., Dusseldorf, 1926; reviewed in Zentralbl. f. Neurol. 
u. Psychiat. 45:519, 1927. 

5. Von Monakoff, K., and Kitabayashi: Schizophrenie und Plexus Choroidei, 
Schweiz. Arch. f. Neurol. u. Psychiat. 6:2, 1919. 

6. Mestrezat, W., cited by Buechler: Arch. f. Psychiat. 77: 613, 1926. 

7. Fleischmann, cited by Walter: Ztschr. f. d. ges. Neurol. u. Psychiat. 
95:522, 1925. 

8. Spatz, cited by Walter (footnote 17). 

9. Weil and Kafka: Ueber die Durchgang der Meningen, Wien. klin. Wchn- 
schr., 1911, no. 24. 


10. Zylberblast-Zand, N.: Etude experimentale sur la perméabilité meningée a 
état inflammatoire, Rev. neurol. 1:4, 1927. 
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From a purely clinical point of view, the fact that is of great 
interest in this discussion is that most investigators agree that a barrier 
exists, that is, that some substances introduced into the blood may never 
reach the cerebrospinal fluid. Of still greater interest is the fact that 
this mechanism seems to affect not only the type of substances that reach 
the cerebrospinal fluid, but also the amount, and that in some diseases the 
function of this barrier may be affected. One of the first to suggest such 
a relationship between the different diseases of the central nervous 
system and changes in this barrier was von Monakoff.'"' Starting from 
more or less theoretical considerations, he soon brought definite micro- 
scopic observations to show that diseases of the choroid plexus and 
ependyma may play an important role in the causation of diseases of 
the central nervous system. In some cases, he thought, the pathologic 
process could be associated with a decreased resistance of the barrier, 
permitting the free passage of substances normally not present in the 
cerebrospinal fluid ; in others an increased resistance of this barrier and 
subsequent lack of certain substances in the cerebrospinal fluid might be 
responsible for the disease. This idea was followed up by Stern ** and 
her co-workers who were able to show by experiments on animals: (1) 
that certain substances when injected into the blood do not reach the 
cerebrospinal fluid (normal resistance) ; (2) that diseases of either the 
plexus or the meninges may bring about a lowering of the resistance, 


and (3) that certain substances introduced into the blood may influence 


this resistance by either increasing or decreasing it. 

These more or less hypothetic considerations of von Monakoff and 
experimental investigations of Stern were not without concomitant 
clinical research on the problem. As soon as the existence of such a 
mechanism was suggested, various clinical investigators began to look 
for means whereby it could be investigated in persons suffering from 
different diseases of the nervous system. Two methods of approach 
offered themselves for such investigations: (1) search of the cerebro- 
spinal fluid for substances normally present in the blood only ; (2) intro- 
duction of foreign substances in the blood stream and subsequent search 
for them in the cerebrospinal fluid. Of the first method the only one 
that can be looked on as having a direct bearing on this subject is the 
hemolysin reaction of Kafka-Weil.** In their first communication on 


11. Kitabayashi, S.: The Choroid Plexuses in Organic Disease of the Brain 
and in Schizophrenia, J. Nerv. & Ment. Dis. 56:21, 1922. 

12. Stern, L.: La barriére hémato-encéphalique dans les conditions normales 
et dans les conditions pathologiques, Schweiz. Arch. f. Neurol. u. Psychiat. 
8:604, 1923. 

13. Weil: Ueber die Bedeutung der meningealer Permeabilitat fiir die Enste- 
hung Geistes und Nervenkrankheiten, Ztschr. f. d. ges. Neurol. u. Psychiat. 24:501, 
1914. 
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this subject, they were able to show that the amboceptor, which is partly 
instrumental in the lysis of foreign bodies (red blood corpuscles of sheep) 
and which is normally found in the blood of man, was not found in the 
cerebrospinal fluid in normal cases. In some pathologic conditions (some 
cases of paresis, tabes and similar diseases), this amboceptor was found 
in the cerebrospinal fluid also. They concluded, therefore, that the 
normal barrier in these cases was disturbed, and that this amboceptor 
thus gained entrance into the cerebrospinal fluid. The value of this 
reaction as a universal test for the barrier has since been shown to be 
somewhat doubtful, so that now Kafka himself is not certain of its value 
is such. It has been shown “* that in some paretic patients this reaction 
is positive in the cerebrospinal fluid even when it is negative in the 
hlood ; again, even if this were not the case, all that one could investigate 
hy this reaction would be the cerebrospinal fluid of persons who have a 
lecreased resistance of the barrier. In all others, in whom the resistance 
s normal or increased, this reaction would not be of any positive value. 
Investigation of this barrier by the introduction of foreign substances 
nto the blood stream and subsequent search of the cerebrospinal fluid 
vas first undertaken by Hald,'® who used hexamethylenamine for the 
urpose. The results, however, were negative, as he did not find any 
hanges in the pathologic conditions. His experiment was followed by 
umerous attempts with different stains, the most important of which 
was the introduction of uranin. Kafka *® and Thiel, who were the first 
} experiment with this substance, found that normally a small amount 
f the uranin injected into the blood stream could be recovered from the 
cerebrospinal fluid after a certain length of time; in certain cases of 
tabes and paresis the amount was conspicuously increased. They found 
that these diseases showed a certain degree of constancy in the amount 
f uranin that could be recovered from the cerebrospinal fluid. Numer- 
ous investigators have followed up this work, but it seemed that the 
results were too variable to admit of the establishment of this method as 
reliable meatis of studying this mechanism. For instance, cerebral 
syphilis was found by some to show a marked decrease in resistance to 
the passage of uranin; by others it was found not to show any change. 
Then again, in diseases that did show changes, the results of different 
observers were conflicting. Another difficulty in experimenting with 
this, as with any other stain, consists in the fact that the determinations 
are dependent on the absolute amount of the uranin in the cerebrospinal 


14. Enders, F.: Die Permeabilitat der Meningen, Zentralbl. f. d. ges. Neurol. 
u. Psychiat. 44:77, 1926. 
15. Hald, cited by Walter: Ztschr. f. d. ges. Neurol. u. Psychiat. 95:522, 1925. 


16. Kafka, V.: Vortrag Deutscher Verein fiir Psychiatrie, Kiel, Ztschr. f. d. 
ges. Neurol. u. Psychiat. (Referate) 5:446, 1912. 
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fluid ; it cannot be compared with the amount in the blood at the time 
when the cerebrospinal fluid is examined. 

Such was the state of affairs when Walter *’ first described a new 
method for the investigation of this mechanism. His method consisted 


in giving the patient a solution of sodium bromide by mouth over a 


certain period of time, at the end of which he compared the amount of 
bromide found in the blood with that in the cerebrospinal fluid. His 
investigations on normal persons showed that the ratio of the bromide 
content of the blood to that of the spinal fluid varied within narrow 
limits, and for practical purposes could be considered as constant. When 
given in the manner already described and examined at the end of the 
administration, the quantity of bromide in the blood was about three 
times as much as the bromide content of the spinal fluid. In some dis- 
eases of the nervous system, however, this ratio showed a distinct and 
consistent change, some having a higher and others a lower cerebrospinal 
fluid content. The value of Walter’s method consisted chiefly in the 
following: (1) at any time one could determine the relative proportions 
of bromide in the blood and cerebrospinal fluid with little if any regard 
to the absolute blood content; (2) the normal ratio varied within nar- 
row limits; (3) in a vast majority of diseases of the central nervous 
system, so-called functional as well as organic, distinct and consistent 
changes were noted. These advantages were soon realized by different 
workers and, although the original method was first published by Walter 
comparatively recently, numerous studies have been undertaken, most 
of which argued for, but some also against, the practicability of the 
method. 

In the present communication we will present the results of investi- 
gations of changes in the barrier by Walter’s method in a series of cases 
representing most diseases encountered in a state hospital. The scope 
of this paper is restricted to this purely clinical aspect of the problem. 
As already mentioned, investigations dealing with other aspects of thi: 
mechanism— histologic examinations of brains of persons showing such 
changes, the nature of the barrier and the relation of its determination 
to other methods of approach—are being carried on at this hospital and 
will be reported in future communications. Our present determinations 
were limited to patients in a state hospital, as a sufficient number of 
normal persons who could be used as a standard for comparison were 
not available. Consequently, for a normal standard we have used the 
results of investigations by other authors. The importance of this handi- 
cap, and the conclusions that can be reached without such a standard will 
be discussed later. 


17. Walter, F. K.: Studien ueber die Permeab. der Meningen, Mitteil. I, Ztschr. 
f. d. ges. Neurol. u. Psychiat. 95:522, 1925. 
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In his original description of the method, Walter found difficulty in 
obtaining complete precipitation of both serum and spinal fluid proteins ; 
consequently, he has devised modifications for the purpose of perfecting 
this part of the procedure. In our work we found that none of his modi- 
fications were as efficacious in this respect as one suggested by Haupt- 
mann in a recent publication."* The determinations presented in this 
article were all made according to this modification of Walter’s original 
method. 


The method consists in the following: The patient is given an aqueous solution 
of sodium bromide made up so that he receives 0.01 Gm. of sodium bromide per 
pound of body weight three times a day for five days. (A patient weighing 
150 pounds [68 Kg.] receives 22.5 Gm. of bromide during the experiment.) On 
the morning of the sixth day, about 16 cc. of venous blood and about 10 cc. of 
erebrospinal fluid are withdrawn. The blood is received directly in a centrifuge 
ube and is centrifugalized for fifteen minutes. The clear serum is then poured 
nto a test tube, and two volumes of distilled water are added. To this a 30 per 
ent trichloracetic acid solution is added in the proportion of 0.2 cc. to 1 cc. of 
liluted serum. To 8 cc. of the cerebrospinal fluid, a similar solution of trichlor- 
icetic acid, in the same proportions (0.2 cc. to 1 cc. of fluid), is added. Both 
re allowed to stand for fifteen minutes and are then filtered. The protein-free 
filtrate thus obtained should be clear or else refiltered. Equal quantities of both 
iltrates are then measured off, and to each a 0.5 per cent aqueous solution of 

ld chloride (Merck) in the proportion of 0.2 cc. to each cubic centimeter of 
filtrate is added. A brownish color of varying intensity is obtained, and the 
wo filtrates are now compared in a Duboscq colorimeter. 

Three independent readings are taken in this examination, and the average is 
used as the result. As the normal ratio of bromide content of the blood to that 

the spinal fluid is 3:1, and the serum has been diluted with two volumes of 

istilled water, the result in normal persons should be 1:1. If the cerebrospinal 
luid is used as a standard, the content of the blood multiplied by three and 
ivided by that of the standard will give what Walter calls the permeability 
uotient (P. Q.). In normal persons it should be 3, that is, the blood contains 
ree times as much bromide as the cerebrospinal fluid. When the cerebrospinal 
uid bromide content is higher than the normal, the permeability quotient will be 
low and would indicate a high permeability. When the permeability quotient is 
higher than 3, it would mean that the cerebrospinal fluid contains less bromide 
than in the normal person and there is a low permeability. 

A high permeability quotient, therefore, means low permeability or, in other 
words, an increased barrier to the passage of bromides. Some of the precautions 
suggested by Walter to exclude sources of error were afterward shown to be 
superfluous. For instance, the administration of bromides for a longer period 
than five days, at first considered by him to have some influence on the subsequent 
determination, he showed subsequently to be of no importance. In our determi- 
nations we were careful not to allow the administration of the sodium bromide 
for more than five days. Walter administered bromides to some of his patients 
for periods varying from five to thirty days, but repeated determinations showed 


18. Hauptmann: Untersuchungen ueber die Blut-Liquorpassage, Ztschr. f. d. 
ges. Neurol. u. Psychiat. 100:332, 1926. 
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that this did not have any influence on the permeability quotient. Similarly, the 
therapeutic administration of bromide prior to the determinations on the perme- 
ability does not seem to have any influence on the quotient. Within certain limits, 
the absolute bromide content of the blood does not have any influence on the 
permeability quotient. When this content becomes low, however, the color of 
the gold chloride itself, which remains free in the solution, may influence the 
determination. It is, therefore, advisable to prepare a standard bromide solution” 
and compare the blood with it previous to the comparison of the two filtrates. 
Thus the absolute bromide content of the blood is determined. In our determi- 
nations the absolute bromide content of the blood varied from 1: 2,000 to 1: 6,000; 
it was usually about 1:4,000. This is especially important in cases in which the 
actual ingestion of the bromides is not certain. Some patients will refuse to 
swallow the solution, or they will keep it in their mouths until they are able 
to dispose of it. 

Practically all of the determinations in this series were made by one of us, 
thus avoiding the possibility of individual variation sometimes encountered in 
colorimetric work. The cerebrospinal fluid must be perfectly clear and without 
any appreciable amount of blood in it, as that would alter the bromide content 
of the fluid by bringing in a certain amount of bromide from the blood. The 
determination must be made immediately after the gold chloride has been added, 
because the solution deteriorates on standing. 


The question whether the change in color that takes place after the 
addition of gold chloride to the two filtrates depends on the bromide 
content alone was discussed by Walter in his first communication.*” He 
was able to show that a change in color was obtained only in those 
filtrates in which the Guareschi test (specific for bromides) was aiso 
positive. Varicus other investigators have subsequently substantiated 
this specificity. In our work we found that on the one hand the solution 
used as a standard (an aqueous bromide solution) showed the same 
change in color when the gold chloride was added as was obtained with 
the two filtrates. On the other hand, both the blood and the cerebro- 
spinal fluid of persons who had not received bromides, when treated 
in the described manner, did not show a similar change in color. 


Another possibility is that the difference in acidity of the two fluids 


may influence the change in color to some extent. There are more pro- 


teins in the blood than in the spinal fluid, and the amount of trichloracetic 
acid is depleted by precipitation of the proteins in the blood more than 
in the spinal fluid (although three times as much trichloracetic acid is 
originally added to the serum than to the spinal fluid). 


In order to investigate this source of error, we have taken the blood and 
cerebrospinal fluid of patients who have not received bromides. We have pre- 

19. Walter advised the following proportion: 1 cc. of an aqueous solution of 
1: 4,000 sodium bromide; 0.1 cc. of concentrated nitric acid; 0.2 cc. of 0.5 per cent 
gold chloride solution. 

20. Walter, F. K.: Permeabilitaet der Meningen, Ztschr. f. d. ges. Neuroi. u. 
Psychiat. 47:286, 1919. 
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pared them in the usual way and then compared the colors in the colorimeter. 
Then, a known quantity of an aqueous solution of bromide was added to each 
to make a 1: 4,000 solution of bromide. The colorimetric examination following 
this showed that there was not any change in the reading from the one taken 
before the addition of the bromides. In other words, the change in color due 
to a known quantity of bromide was not affected by the difference in acidity. 
Furthermore, the acidity of the cerebrospinal fluid and blood filtrates was deter- 
mined in the cases of patients who have received bromides, and the acidity of 
the cerebrospinal fluid was reduced by sodium hydroxide to a level exactly equal 
to that of the blood. The examination following this procedure did not show any 
change in the permeability quotient. The blood and cerebrospinal fluid bromide 
contents must be at an equilibrium when the specimens are taken, or else the 
quotient obtained would not represent the barrier as such. Walter found that 
after the fifth day the quotient does not change as long as the absolute bromide 
content of the blood does not fall too low. This indicates that after a certain 
ratio is established between the blood and cerebrospinal fluid, it remains constant. 
Some substances, furthermore, when administered orally or intravenously may 
show a change in the blood content long before the change takes place in the 
cerebrospinal fluid. If the specimens of both are taken before the change in 
the latter has taken place, the equilibrium will not yet have been established. 
In our determinations the last dose of bromide was given about from eighteen to 
twenty hours before the specimens were taken. As a further precaution, how- 
ever, we compared the bromide content of the cerebrospinal fluid with blood 
specimens taken one, two, three, four and five hours before the lumbar puncture; 
however, we did not find any fluctuation in the quotient. 


MATERIAL 


AND RESULTS 
The determinations were made on 270 patients: 188 men and 8&2 
women.** As will be seen later, they represent practically all the 
different types of mental diseases that are encountered in a state hospital. 
The cases were taken at random without regard to age, sex or diagnosis. 
It was only in collecting our data at the end of the investigation that the 
different patients were tabulated according to the diagnosis made by 
the medical staff of the hospital. It was then that we found that within 
certain limits the different disease entities presented more or less char- 
acteristic permeability quotients. In the accompanying chart we have 
attempted to give a graphic presentation of the relationship between the 
different disease entities and permeability quotients. 

As will be noticed, the different disease entities appear to fall into 
three main groups: group 1 with permeability quotients that never go 
below 2.8, and most of which are above 3.2; group 2 comprising all cases 
that have permeability quotients between 2.8 and 3.2; group 3 consisting 

21. In a number of these the determinations were repeated, partly for the pur- 
pose of testing the consistency of the reaction, partly, however, to search for 
changes caused by different therapeutic measures (malaria in paresis, etc.). As 
the latter really represented permeability quotients of newly established clinical 
pictures, we report them as separate determinations. Thus the number of deter- 
minations amounts to 351. 
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The different disease entities are designated by abbreviations and are arranged 
along the left side of the chart in order of descending permeability quotients, 
as follows: M. D. S., schizophrenic psychoses recurring in cycles; P. Enc., post- 
encephalitic psychoses; D. P., dementia praecox (with the appended letters as 
follows: H, hebephrenic; S, simplex; P, paranoid; C, catatonic; O, other types; 
Syph., with syphilis; Neph., with nephritis) ; G. P. Mf. 1., paresis successfully treated 
with malaria at the stage when the patients showed clinical improvement; M. D. M., 
manic-depressive, manic type; M. D. D., manic-depressive, depressed type; Epil., 
psychosis with epilepsy; D. P. Tb., dementia praecox with acute pulmonary tuber- 
culosis; Psy., psychoneuroses; Alc., alcoholic psychoses (with the letters D, alco- 
holic deterioration; H, hallucinosis; A. /., delirium tremens [D. T.] after the 
attack was over, and P, alcoholic paranoia) ; /nv., involutional melancholia (with 
appended S, mixture of involutional and senile pictures) ; Sen., sénile psychoses ; 
C. S. L. T., psychoses with cerebrospinal syphilis, treated; G. P. M. II, paresis 
treated with malaria but unsuccessfully, the quotient representing the early stage 
after treatment; G. P. T., paresis treated with antisyphilitic drugs; G. P. M. III, 
malaria treated paresis that was unsuccessful and representing the later stages; 
G. P. M. IV, the early stages of successfully treated paresis; C. S. L. II, psychoses 
with cerebrospinal syphilis before treatment of any kind; D. P. c. As., dementia 
praecox with cerebral arteriosclerosis; As. O., other psychoses with incidental 
cerebral arteriosclerosis; Jn. c. As., involutional melancholia with cerebral arterio- 
sclerosis; Sen. c. As., senile psychoses with cerebral arteriosclerosis; Alc. A. II, 
acute alcoholic psychoses (D. T.) during the attack; Kors., Korsakoff psychoses; 
G. P. Un., paresis not treated; As., psychoses with arteriosclerosis. 


The numbers on top of the chart indicate the permeability quotients ranging 
from 4 to 1.88. 
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of cases with quotients which never go above 3 and most of which lie 
below 2.8. The choice of permeability quotients between 2.8 and 3.2, as 
representing the norm, was taken more or less arbitrarily. As men- 
tioned, we did not have normal quotients to use, other than those 
reported by other observers. Most observers agree that the normal 
quotient lies about 3, but the variation on both sides of 3 is somewhat 
different with different observers. Walter gives from 2.9 to 3.3 as the 
limits of normal variations; others give from 2.85 to 3.35, and so on. 
The determination as to what is normal and what is abnormal from a 
psychiatric point of view is difficult; some investigators consider as 
normal, among others, cases of psychoneuroses and psychogenic mental 
disturbances. Whether these can be considered normal from the 
psychiatric point of view remains a question. If one could determine 
the permeability quotients of a series of socially, intellectually and 
emotionally normal persons in sufficient numbers, one might be able to 
lecide the actual limits of normal variations. Within a state hospital, a 
mental outpatient clinic or even in a general hospital the factors influ- 
encing the permeability are so numerous (vascular changes, tuberculosis, 
acquired tolerance to alcohol and other drugs, and endocrine distur- 
bances) and the criteria for determining the normal are so few that we 
doubt if we covld come to definite conclusions. Another difficulty con- 
sists in the fact that the changes in permeability do not seem to run 
parallel to other symptoms indicative of pathologic changes in the cere- 
brospinal fluid, so that the absence of these cannot be taken as a criterion 
f normality. Relatively, however, within the population of a state 
hospital it seems that characteristic quotients can be found and, from a 
liagnostic as well as therapeutic point of view, practically utilized. This 
loes not altogether preclude the possibility of comparing our results 
with those obtained in both normal and neuropsychiatrically abnormal 
persons by other authors. As with all other methods employed in the 
different branches of medicine, the standard of normal once established 
will not have to be redetermined every time a series of studies on patho- 
logic material is undertaken. It is true that in this particular method the 
number of investigations does not, as yet, warrant a universal acceptance 
of these standards ; a comparison, however, is possible even now. 

A closer analysis of the cases belonging to the different groups shows 
the following results: 

As will be seen from table 1, all the permeability quotients in the 
patients with schizophrenia range between 2.8 and 4. None of them 
fall below 2.8; about 35 per cent are between 2.8 and 3.2 (which, as 
mentioned, is our arbitrary norm), whereas about 65 per cent are high, 
that is, the patient shows an increased resistance to the passage of bro- 
mides. It will be seen, too, that there is little if any difference between 
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the different subgroups of this disease. It is somewhat different, how- 
ever, in cases of dementia praecox associated with some other type of 
disease, as will be seen from table 2. 

In table 2 one notes that whereas systemic syphilis and acute 
nephritis do not seem to make any difference in the permeability, in 
cases of acute tuberculosis and especially arteriosclerosis the permeability 


TABLE 1.—Uncomplicated Dementia Praecox 


Permeability Quotients 


Number 


Dementia praecox, hebephrenic 
Dementia praecox, simplex 
Dementia praecox, paranoid 
Dementia praecox, catatonic 
Dementia praecox, other types.. 


Total 


Tas_e 2.—Dementia Praeccox Associated with Other Diseases 


Permeability Quotients 


Number 
of 
Cases 
Dementia praecox with syphilis (not of the 
central nervous system).. 
Dementia praecox with nephritis. ba 2 
Dementia praecox with tuberculosis. 
Dementia praecox with cerebral arteriosclero- 


9 


Total 


3.—Manic-Depressive Psychoses 


Permeability Quotients 
Number 2.5 2.8 3.0 
to to 
Type 3.0 3.2 
Manic... 
Depressed... — 
Cyclic schizophrenia 


quotients are distinctly lower than those of the average schizophrenic 


patient. 

As will be seen from table 3, the manic-depressive group of cases 
falls into three definite subgroups, the manic, the depressed and what 
we have called cyclic schizophrenia. The first two include patients suf- 
fering from more or less clearcut affective psychoses, and they show 
permeability quotients which fit practically into the limits bounded by 
2.8 and 3.2. The last includes the patients with cyclic schizophrenia, 


as 2.5 2.8 3.0 3.2 3.5 3.7 
of to to to to to to 
Cases 2.8 3.0 3.2 3.5 7 4.0 
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9.3 2.5 2.8 3.0 3.2 3.5 
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2.5 2.8 3.0 3.2 3.5 3.7 
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l ] l 
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3.7 
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and they show an abnormally high permeability quotient ; in these cases 
the condition was originally diagnosed as manic-depressive psychosis 
merely because the patients showed a tendency to recurrent attacks. The 
nature of the psychosis, however, was that of schizophrenia. 

The permeability quotients in cases of alcoholic psychosis all fall 
within the limits of 2.8 and 3.2, with the exception of those in acute 
conditions that were studied during the acute processes (delirium 
tremens ) and also those in patients with Korsakoff psychoses (examined 
shortly after the delirium). 


TABLE 4.—The Alcoholic Psychoses 


Permeability Quotients 
— A. 


Number 2.0 23 2.5 2.8 3.0 

of to to to to to 

Type Cases 2.3 2.5 2.8 3.0 3.2 

Aleoholie hallucinosis 3 1 2 

Acute psychoses (after 2 2 
\cute psychoses (during attack)...........0......0005- 1 1 


Total. 


TABLE 5.—The Psychoses of the Senium and Presenium, Including Involutional 


Permeability Quotients 
- A. — 


Number 1.4 17 20 23 25 28 BO 603.2 
of to to to to to to to to 
Type Cases 1.7 20 2.3 25 28 3.0 en 
Involutional 6 1 1 4 
Involutional and arteriosclerosis.............. 3 1 2 
Senile and arteriosclerosis... 3 1 2 
Other conditions and arteriosclerosis.......... 3 oe 1 2 
Psychoses with arteriosclerosis................ 15 1 2 j 
41 1 


From table 5 it can be seen that in all cases of the so-called involu- 
tional melancholia, senile psychoses and mixtures of involutional and 
senile psycoses, the permeability quotients fall nearly within the limits 
of 2.8 and 3.2, whereas all patients with psychoses in whom there are t 
signs of cerebral arteriosclerosis, whether directly or indirectly related 
to the psychoses, show a markedly decreased permeability quotient, in 
other words, a high permeability to bromides. 


Table 6 shows the variations of the permeability quotient in the 
patients with syphilitic psychoses. Although a low permeability quotient 
is obtained in patients with paresis who were not treated, in those with 
cerebrospinal syphilis who were not treated, in those with paresis who 
were treated with malaria unsuccessfully and in those with paresis who 
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were treated with malaria successfully, but at the beginning of the treat- 
ment, there is a marked swing to the other extreme in those patients 
who were successfully treated with malaria. It is of interest to note that 
we found the rise in the permeability quotient one of the best indicators 


of a beginning improvement in the clinical condition. In the patients 


with paresis who were treated successfully (especially those treated with 
malaria), there was a gradual rise in the permeability quotient until, as 
can be seen frem table 6, it rose far above the norm in some cases. In 
a number of the latter cases there was a gradual return to the limits of 
2.8 and 3.2. In the cases in which the malarial treatment was not suc- 
cessful there was a rise to from 2.8 to 3 and then a drop to a lower level. 
This group of cases will be more fully discussed in a report on the 
results of malaria treatment in paresis. 


TaBLe 6.—The Psychoses with Cerebrospinal Syphilis and Paresis 


Permeability Quotients 
Number 1.7 2.0 2.3 2. 3.0 32 3.5 3.7 
of to to to t to to to to 
Type Cases 20 23 25 2 3. 32 35 3.7 40 


Paresis successfully treated with ma- 
laria ‘ 
Cerebrospinal] syphilis successfully 

treated with malaria... aol 
Paresis unsuccessfully treated with 
malaria immediately after treat 
ment 
Paresis treated with sulpharsphenamine 
Paresis unsuccessfully treated with 
malaria 
Paresis 


Paresis, untreated 


Total 


The remainder of our material represents a number of conditions 
that are not so frequently encountered in a state hospital as those already 
discussed. The cases representing the individual disease entities were 
so few that conclusions could not be drawn, although most of them 
showed more or less consistency. The observations were as follows: 
in four cases of encephalitic psychosis, 3.15, 3.18, 3.35, 3.67, quotients 
that are either high normal or above; in four cases of psychoneurosis, 
2.96, 3.02, 3.09, 3.16, all within the limits of normal (from 2.8 to 3.2) ; in 
six cases of psychosis with epilepsy, 2.81, 2.83, 2.94, 3.00, 3.17, 3.35— 
with one exception the quotients fall within the limits of 2.8 and 3.2; in 
seventeen cases of psychosis with feeblemindedness; eight of the 
quotients lying between 2.8 and 3.2 in eight patients, above these limits 
in six and below in three ; in one case of psychosis with multiple sclerosis, 
3.21; in one case of chronic lead poisoning, 2.83 ; in one case of psychosis 
with multiple cerebral emboli (autopsy), 2.61. 
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COMPARISON 


OF RESULTS 


THE 


WITH THOSE 
LITERATURE 


REPORTED IN 


Schizophrenia—Most authors report high permeability quotients 
(increased resistance of the barrier in these cases of psychosis). The 
limits vary. For instance, we have not found the high quotients that 
were reported by Buechler ** (up to 8). Walter, however, stated that 
in all his material (comprising about 800 patients) he did not find any 
quotients above 5. We would rather agree with Walter and Haupt- 
mann ** that the permeability quotients in cases of schizophrenia either 
are on a high normal level or show an increase up to about 4 or slightly 
more. Our observations of normal or even decreased permeability in 
patients with schizophrenia and acute pulmonary tuberculosis can be 
understood in view of the experiments of Stern’* who found an 
increased permeability (a decreased quotient) in animals inoculated with 
tuberculosis. We have not found any reports on cases of dementia 
praecox with cerebral arteriosclerosis, but Walter and others reported 
decreased permeability quotients in patients with psychoses with cerebral 
arteriosclerosis. 

Affective Psychoses—Most authors report comparatively normal 
permeability quotients in cases of affective psychosis. An interesting 
feature in connection with this group is the controversy between Haupt- 
mann,?* on the one hand, and Jacobi and Kolle** on the other. 
Hauptmann suggested that in view of the fact that so many schizo- 
phrenic persons have high permeability quotients, whereas in most cases 
of affective psychosis either a normal or a decreased figure is shown, one 
might utilize the permeability determination as a criterion for differential 
diagnosis. Jacobi and Kolle examined fifty-four cases, twenty-five of 
schizophrenia and twenty-nine of manic-depressive psychoses. They 
found that in the patients with schizophrenia the permeability quotient was 
increased in twelve, normal in twelve and decreased in one. The manic- 
depressive patients showed increase in eight, normal in fifteen ard 
decrease in six. They believed that these observations would render the 
value of the permeability quotient as a diagnostic criterion doubtful. 
Our observations in schizophrenic patients with tuberculosis and 
arteriosclerosis, on the one hand, and in so-called mariic-depressive 
patients in whom the condition was diagnosed manic-depressive psychosis 
just because the psychosis recurred in attacks may throw some light on 
this controversy. 

22. Buechler, P.: Beitrage zur Permeabilitaetsschwankung, Arch. f. Psychiat. 
77:613, 1926. 

23. Hauptmann: Verminderte Durchlassig. der Blut-Liquorschranke bei 
Schizophren., Klin. Wchnschr. 4:34, 1925. 

24. Jacobi, W., and Kolle, K.: Bemerkungen zu der Arbeit von Hauptmann 
(footnote 23), Monatschr. f. Psychiat. u. Neurol. 60:265, 1926. 
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Psychoses of the Senium and Presenium.—Most authors who have 
investigated the cases that showed signs of cerebral arteriosclerosis 
found low permeability quotients. In a communication on the psychoses 
during this period of life, Walter ** stated the belief that the senile 
psychoses, as well as the psychoses with arteriosclerosis, fall into the 
group with low permeability quotients, whereas the involutional, as well 
as the Alzheimer group, remain within the limits of normal. An analysis 
of the cases reported by him would make us doubt this point. As far 
as we could sev, all the patients with senile psychosis in whom Walter 
found a permeability quotient below 2.8 showed signs of cerebral arterio- 
sclerosis, whereas those that did not all had quotients above 2.8. We 
think that if the permeability quotient is to be used as a differential 
diagnostic point, it should be used as such between senile psychoses and 
psychoses with cerebral arteriosclerosis. 

Alcoholic Psychoses—Hauptmann ** found normal or high per- 
meability quotients in cases of chronic alcoholism, and low permeability 
quotients in acute conditions. He discussed this factor in relation to the 
experiments reported by Stern.’*. The latter found that in repeated 
intoxications with alcohol, when the animal developed a tolerance to the 
poison, the resistance to the permeability of stains was markedly 
increased (the permeability quotient was increased). Hauptmann 
believed that in acute psychoses st ch tolerance has not been established 
and that there is an increased permeability and also a passage of the 
alcohol into the cerebrospinal fluid. Other authors also reported high 
permeability quotients in chronic alcoholic persons. 

Syphilitic Psychoses.—Practically all investigators ** of changes in 
permeability found that untreated patients with general paresis show a 
low permeability quotient. Hauptmann ** suggested that in tabes, gen- 
eral paresis and other syphilitic infections of the central nervous system, 
the decreased resistance to the passage of substances from the blood 
to the cerebrospinal fluid is more responsible for the development of 
lesions than the actual entrance of the spirochete. The authors *® that 
reported determinations on the permeability in cases of general paresis 
in which the patients have been treated noted a decreased permeability 
in cases in which the treatment was successful. In this respect, it is 


25. Walter, F. K.: Studien ueber die Permeabilitat der Meningen, Mitteil. ITI, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 99:548, 1925. 


26. Hauptmann: Untersuchungen zur Pathogenese alkoholischer Psychosen, 
Zentralbl. f. d. ges. Neurol. u. Psychiat. 44:499, 1926. 
27. Walter, F. K.: Studien ueber die Permeab. der Meningen, Mitteil. II, 


Ztschr. f. d. ges. Neurol. u. Psychiat. 97:192, 1925. 

28. Hauptmann: Der “Weg. itber den Liquor,” Deutsche Ztschr. f. Nervenh. 
89:53, 1926. 

29. Buechler, P.: Serologische Beitraege, Arch. f. Psychiat. 80:334, 1927. 
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interesting to note that the hemolysin reaction which, as was mentioned 
previously, is positive in cases of general paresis, has been shown to be 
one of the first to disappear on the beginning of a successful treatment 
with malaria.*® In accordance with most workers in this field we found 
that a true parallelism did not exist between changes in permeability 
and other observations in the cerebrospinal fluid.*® Most of our 
observations were obtained in cases in which the cerebrospinal fluid is 
said to be normal (dementia praecox, psychosis with arteriosclerosis, 
alcoholic psychoses and other conditions) ; but even in those cases in 
which the changes in the cerebrospinal fluid were pathologic, as in gen- 
eral paresis and cerebrospinal syphilis, the changes in permeability did 
not show any parallelism to the other changes in the cerebrospinal fluid. 
We found patients treated with malaria showing gradual clinical 
improvement with a concomitant gradual rise in the permeability 
quotient, and vet no change in the other serologic reactions and vice 
versa. 

Epidemic Encephalitis—In contradiction to the observations of 
Buechler,?? who reported increased permeability in epidemic encephalitis, 
our four patients showed normal or decreased permeability. Buechler 
did not specify whether his material consisted of acute or postencephalitic 
states. On the basis of only four cases, however, we cannot arrive at 
definite conclusions. 

Epilepsy —Walter found decreased permeability in epilepsy 
whereas Buechler reported normal, increased and decreased values. 
Prompted by observations on experimental convulsions, Syz ** suggested 
the possibility of a direct relationship between an iticreased permeability 
of the capillary walls and epileptic convulsions. Our patients did not 
show any appreciable changes in permeability, although none of our 
determinations were made during convulsions or in any close relation 
to them. 

Feeblemindcdness—The group representing psychoses with feeble- 
mindedness showed too much scattering of both permeability quotients 
and possible underlying causes to admit of definite conclusions. 

Other Facturs——Some authors are of the opinion that the perme- 
ability may be influenced by a number of factors other than pathologic 
conditions of the central nervous system. Buechler 7? believed that there 
is a definite relationship between the permeability quotient and the age 
of the patient. In his opinion, the permeability is low at birth (perme- 
ability quotient is high) and increases with age, so that a high 


30. Walter, F., and Abelin, S.: Ueber Blut u. Liquorbefunde, Arch. f. Psychiat. 
78 :281, 1926. 
31, Syz, H. C.: Observation on Experimental Convulsions with 


Special 
Reference to Permeability Changes, Am. J. Psychiat. 7:209, 1927. 
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permeability should be regarded as more or less physiologic in old age. 


He thought that the marked differences in the permeability quotients 


of patients with schizophrenia and general paresis may be largely influ- 


enced by the fact that the former are younger, as a rule, than the latter. 


Walter * recently discussed this question thoroughly. On the basis of 


an analysis of his own material as well as cases reported by other 


authors, he reached the conclusion that such relationship could not be 


Tas_e 7.—Permeability Quotients in Men of Different Ages 


TABLE 8.—Permeability Quotients in Women of Different Ages 


1.4 0 2 2.5 2.8 3.0 3.2 3.5 5.7 
to to tc to to to to to to 
Age of Patient 0 23 5 28 3.0 3.2 5 7 4.0 
> 4 4 6 6 2 2 
) 4 2 5 7 2 5 
10-50 l l 9 5 3 5 1 2 
2 2 2 2 
0-70 l 2 
ove! 2 3 1 
TABLE 9.—Permeahility Quotients in Schizophrenic Patients of Different Ages 
2.8 0 3.2 3.5 3.7 
to to to to to 
Age of Patient 3.0 3.2 3.5 3.7 4.0 Over 
1 1 1 1 
0 40 2 4 10 ) 2 
4 4 
4 3 


discovered. An analysis of our material with this point in view is 
illustrated in tables 7 and 8. 

From tables 7 and 8 it will be noted that definite relationships between 
age and permeability are not demonstrated. Table 7, for instance, shows 
that the quotients of the patients younger than 20 years lie within prac- 
tically the same limits as those of patients older than 70. Again, the 
lowest permeability quotients (1.4 to 2) are divided equally between 
all ages. Because the presentation of heterogeneous material on the 
one table might influence the results, we studied our largest single groups 
(the schizophrenic) from the same angle. The result is illustrated in 


table 9. 


1.4 0 3 2.5 2.8 3.0 3.2 3.5 3.7 
to to to to to to to to to 
Age of Patient ( 2.3 2.5 2.8 3.0 3.2 3.5 3.7 4.0 
10-20 2 2 ] ‘ 
l l 3 2 13 6 
30-40 - l l 6 8 15 1] l 
10-50 l 3 5 17 10 21 ) 3 2 
60-70 l 4 2 12 2 4 l ee 
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Our observations agree with Walter’s assertion that the age of the 
patient does not influence the permeability quotient to any appreciable 
extent. We think that apparent influences of this type may be explained 
by the fact that just those diseases that show a high permeability 
(paresis and cerebral arteriosclerosis) are conditions of middle or late 
life. Our observations in cases of senile and involutional psychoses 
would argue against the belief that age in itself has any direct bearing 
on the permeability quotient. 

Another possible factor is seen by some authors in physiologic and 
pathologic changes in the functions of the endocrine glands. Heilig 
and Hoff ** found increased permeability to uranin at the beginning of 
the menstrual period with a subsequent decrease to the normal (inter- 
menstrual) level at the end of menstruation. A similar increase is 
reported by them in animals that were given thyreosan and thyreoglandol. 


TABLE 10.—Permeability Quotients as Related to the Menstrual Cycle 


Permeability Quotients 


Number 2.0 23 25 28 30 32 35 3.7 

of to to to to to to to to 

Cases 23 25 28 30 32 35 3.7 4.0 

Menstruation not ascertained................ 21 1 1 3 4 3 5 3 1 
Bromide started at beginning of menstru- 

Permeability at beginning of menstruation. + a - vi = 1 1 1 1 
Sodium bromide started at end of menstru- 

During intermenstrual period............... 40 a ba 6 7 10 11 4 2 
29 1 4 4 8 4 5 ee 3 

103 


An analysis of the relationship between our determinations and _ the 
menstrual cycle is represented in table 10. 

3uechler was unable to corroborate the observations of Heilig and 
Hoff. We think, however, that further study with repeated determi- 
nations on the same patients during the different stages of the menstrual 
cycle is necessary before definite conclusions can be reached. 

It may be mentioned that repeated determinations on the permeability 
undertaken to test the consistency of the quotient showed little variation 
from the original. The intervals between the two determinations varied 
from two to six months. The variation of the quotients was never 
more than 0.2, whereas in most cases the variation ranged from 0 to 0.1. 

On the basis of our observations, therefore, we agree with Walter 
that fluctuations in the bromide content ratio of the blood and cerebro- 
spinal fluid can be demonstrated. They point to the existence of a 
barrier which may show changes in the control of this ratio. The exact 
nature of this barrier, however, cannot yet be definitely stated. From 


32. Heilig and Hoff: Klin. Wchnschr. 3:2049, 1924. 
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the point of view of the adherents of the “dialysis” theory, it would 
be somewhat difficult to regard the function of this barrier as that of 
permeability only. In fact, in the light of this theory and of the studies 
on the chlorides, in the blood and cerebrospinal fluid, one would expect 
to find a higher bromide content in the cerebrospinal fluid than in the 
blood. As it is, the reverse is true, and if one is to regard the process 
as that of dialysis, one may have to assume that a large proportion of the 
bromide in the blood is fixed in some way by a substance which is not, 
normally, present in the cerebrospinal fluid. Should this turn out to be 
a fact the localization of the barrier would be shifted and the nature 
of it could not be related simply to permeability ; the concept of a barrier, 
however, would not be affected. It would still remain true that in some 
cases more and in others less bromides pass from the blood into the 
cerebrospinal fluid. We have used the terms permeability quotient and 
permeability in the presentation of the material because this was the 
terminology originally introduced. So long, however, as the nature of 
the mechanism remains obscure, it would be best to regard it as a barrier. 


SUMMARY 
1. Changes in the barrier between the blood and the cerebrospinal 
fluid were studied in 270 cases representing a number of mental diseases. 
2. It was found that many of the patients showed more or less char- 
acteristic changes, the most important of which were as follows: (a) 


In cases of psychosis with cerebral arteriosclerosis, and in psychoses 


belonging to other groups, in which there were signs of concomitant 
sclerosis of the cerebral vessels, a marked increase in permeability was 
noted (low permeability quotient). (b) Untreated patients with pare- 
sis and cerebrospinal syphilis showed a similar increase in permeability, 
which tended to decrease under successful treatment. (c) Patients 
with schizophrenia of different types showed a marked tendency to 
decreased permeability (high permeability quotient). 

3. The permeability quotients showed little variation on repeated 
determinations. 

4. A relationship between the permeability quotient and age, sex or 
menstruation could not be demonstrated. 


IS THERE AN EPILEPTIC PERSONALITY 
MAKE-UP? * 


J. NOTKIN, 


NEW 


M.D. 


YORK 


There has been a tendency in recent years to look on the personality 
traits of epileptic persons as a specific manifestation. These traits are 
egocentricity, supersensitiveness, irritability, emotional poverty and stiff- 
ness of mentation. It is asserted that the character faults are present 
even before the appearance of the seizures. Increasing slowness and 
diminished capacity for any kind of activity is said to occur long before 
the epileptic disorder manifests itself. In recent years, Clark’ has 
formulated the conception that epilepsy should be looked on as a psycho- 
biologic disorder, and he regards it as an outflow from the homosexual 
component which is not sublimated ,or accepted. According to this point 
of view, the epileptic make-up is deep-rooted in narcissism, which results 
from poorly repressed homosexuality. The extroverted sexual life of 
epileptic persons is said to cease somewhere between 25 and 30 years 
of age, and the whole libido is then focused on the ego, adding to the 
innate narcissism. This is supposed to be a protective and regressive 
mechanism, relieving the organismic tension and removing the stress 
factor. 

In Europe, Franziska Minkowska, in an article? contributed on the 
occasion of the twenty-fifth anniversary of the professorship of Eugene 
Bleuler, added to the conception of schizoid and syntoid types of per- 
sonality a third type which she called the epileptoid personality. How- 
ever, she made a study of epileptic heredity rather than of the epileptic 
make-up ; she did not discuss the details of the development of character 
traits, but dealt with the fully developed epileptic person. Kirsch,* on 
the other hand, doubts the existence of an epileptoid make-up. Of his 
107 patients, not more than thirty-five showed any of the epileptic traits 
such as hypersensitiveness and irritability. Otherwise, there is little in 


* Submitted for publication, March 8, 1927. 


*From the Manhattan State Hospital and the New York Post-Graduate 
Medical School and Hospital. 

1. Clark, L. Pierce: Is Essential Epilepsy a Life Reaction Disorder? Am. J. 
M. Se. 158:703 (Nov.) 1919; The Psychobiological Concept of Essential Epilepsy, 
J. Nerv. & Ment. Dis. 57:433 (May) 1923; Psychological Data Regarding the 
Interpretation of Essential Epilepsy, J. Nerv. & Ment. Dis. 61:51 (Jan.) 1925. 

2. Minkowska, Franziska: Charakterologische Probleme im Lichte psychia- 
trischer und genealogischer Hereditatsforschung (mit besonderer Beriicksichti- 
gung der Epileptoidie), Ztschr. f. d. ges. Neurol. u. Psychiat. 82:199, 1923. 

3. Kirsch, Hans: Epilepsie und manisch-depressives Irresein, Abhandl a. d. 
Neurol. Psychiat. Psychol. u. ihren Grenzgeb. 18:1, 1922. 
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the literature regarding this problem except by Fischer* and 
Kretschmer ° who remarked casually on the occurrence of both the 
benign and the schizoid types of personality make-up in epileptic persons. 

[ have had an opportunity to study the make-up of nonpsychotic 
epileptic persons in a general hospital (New York Post-Graduate Neuro- 
logical Clinic) and was surprised to find in the great majority of patients 
little or nothing of the so-called epileptic make-up. I then decided to 
review the epileptic material at the Manhattan State Hospital, and 
selected a group of 150 cases (seventy-five men and seventy-five women ) 
in which a more or less reliable life history was available. Here again | 
was impressed with the frequent occurrence of normal types of 
personality. 

I attempted then to tabulate various factors to see if there was any 
correlation between them and the personality make-up. I was surprised 
to find that the age of onset of the first convulsive seizure has apparently 
a direct bearing on the type of personality. When the convulsive seizure 
appeared in infancy or early childhood, the make-up was decidedly 
“epileptoid”; the more remote from infancy the first manifestation of 
epilepsy, the more benign is the make-up. As the accompanying table 
shows, pure “epileptoid” traits were found in cases in which the onset of 
convulsive seizures occurred before the age of 12. Even in this group, 
however, there was a small number with the admixture of a few benign 
traits, and a few with a pure syntonic personality make-up, usually cases 
in which the convulsive seizures were infrequent or with intervals of 
many years’ duration. With an onset above the age of 12, and in isolated 
cases below that age, I found in 19.3 per cent a normal make-up until 
the first manifestation of the epileptic disorder ; then there was a change 
to an epileptoid type; in 8 per cent there was a change to a schizoid type 
of personality. Then followed a small group with a syntonic type of 
personality with a slight admixture of epileptoid or schizoid traits 
(4.6 per cent). In the majority of this group, the onset occurred after 
the age of 12 and in a few below that age, the latter with infrequent 
seizures—a fact to which I have already referred. Finally, in the largest 


group, 37.3 per cent of the total, there was a pure syntonic type of per- 
sonality, all except three with the onset of convulsive seizures after the 
age of 13. It is interesting to note the definite alcoholic history in a 
large number of these cases, the occurrence of 8 per cent of pure schizoid 


4. Fischer, Heinrich: Psychopathologie des Eunuchoidismus und dessen 
Beziehungen zur Epilepsie, Ztschr. f. d. ges. Neurol. u. Psychiat. 50:11, 1919; 
Ergebnisse zur Epilepsiefrage, Ztschr. f. d. ges. Neurol. u. Psychiat. 56:106, 1920. 

5. Kretschmer, Ernest: Veranlagung zur psychischer Erkrankung (manisch- 
depressives Irresein, Schizophrenie, Epilepsie), Jahresv. d. Deutsche. Ver. f. 
Psychiat., Jena Sitz, 1923; Zentralbl. f. d. ges. Neurol. u. Psychiat. 35:265, 1924. 
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Types of Personality Make-Up of Epileptic Persons and Its Relation to Onset 
of Seizures in the Two Sexes* 


Schizoid Syntoid Syntoid Syn- 

Age at Later Psycho- Later Later tonic Age at 
First ‘“‘Epilep- Epilep- pathic Epilep-  Sehiz- (Nor- First 
Seizure toid’’ Mixed+ Schizoid toid Person toid oid Mixedt mal) Seizure 
16.0% 0.6% 8.0% 1.3% 4.0% 19.3% 8.0% 4.6% 37.3% 

2 ff f Re 2 
3 fffff f m 3 


f 


Inm 


mmf 
mf 


m m 10 


fm m f f m 11 
12 m m mmmff mm 12 
l f m m mff 3 
14 f f mmff mf 14 
16 f ff m mmmf 16 
18 mf f mmmf 18 


mmf 


mfm 
f f 28 


in os we m mf 29 


f 


mmmf 


f 


* m indicates male; f, female. 
+ “Epileptoid” with a few syntonie traits. 
t Syntonic with a few “epileptoid’” or schizoid traits. 


First First 
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ae ee ee I 31 
32 ee ‘a f aa 32 ‘ 
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types in cases in which the epileptic manifestation appeared between the 
ages of 11 and 54, and also of 4 per cent with pure traits of psychopathic 
personality. 

One may perhaps be justified in seeking an explanation for the 
occurrence of these various types of personality in epileptic persons in 
the fact that in those cases in which epilepsy developed early there was 
little time left for the development of a normal personality ; what really 
occurs, then, is the epileptic mental reaction. This is confirmed by the 
striking sim" 


ity of the traits in all cases and by the more striking 
resemblance . the reaction with the traits of psychotic epileptic 


patients in whom irritability, egocentricity and supersensitiveness reach 
their limits. 

One expects epileptic patients to withdraw from the outside world 
because they are conscious of their affliction. Pure schizoid types of 
personality will then develop easily with the onset of convulsive seizures 
at puberty or later. One must also think of the possibility that a latent 
schizoid tendency has been actually awakened and brought to the surface 
by an epileptic reaction. It is interesting to note that the psychotic reac- 
tions in these cases are characterized by epileptic traits with an admix- 
ture of hallucinatory and delusional elements. With the onset of convul- 
sive manifestations in later years, one sees an admixture of epileptoid or 
schizoid traits. The first would then be considered the result of an 
epileptic reaction, the second, the awakening of innate schizoid ten- 
dencies. 


CONCLUSIONS 

\ study of the personality make-up in seventy-five male and seventy- 
five female epileptic patients revealed a definite correlation between the 
age of onset of seizures and the type of personality noted later. The 
so-called epileptic make-up is apparent in cases in which there is an early 
onset of seizures. This constitutes only 16.6 per cent of the whole group 
On the other hand, in the largest group of 37.3 per cent, with the 
so-called syntonic or normal type of personality, the onset of the seizures 
occurred after the age of 12 and in the majority of cases after the 
second decade. Between these two extremes there are several other 
groups. In one the personality was at first benign and later, after the 
onset of the convulsive seizures, became epileptoid. In several other 
instances, the seizures were infrequent, and then the relatively benign 
type of personality was noted. In 8 per cent of the cases the personality 
was pure schizoid; in 1.3 per cent, the personality was at first schizoid 
and later, after the onset of seizures, became epileptoid. In another 
group of 8 per cent, the personality in the beginning was of a benign type 
and later changed to schizoid after the convulsive seizures began. 
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All this points to the variability of the type of personality encoun- 
tered in patients with epilepsy. There seems to be no specificity about it. 
The personality previous to the onset of seizures seems to be entirely 
independent of the influence of the epileptic manifestation, and such 
changes as occur are noted only after the convulsive seizures manifest 
themselves. In cases of normal, benign type of personality, in which 
the seizures occurred later in life, the admixture or the entire lack of 
so-called epileptoid traits depends on the type of the individual and his 
previously established adjustment in life. It seems unwarranted, there- 
fore, to speak of a definite epileptic type of personality. Such peculiar- 
ities as develop in epileptic persons are looked on as the result of the 
epileptic reaction and not as the cause of the convulsive manifestation 
in so-called idiopathic epilepsy. 
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THE BRAIN-LIVER WEIGHT RATIO EPILEPSY * 


HAROLD A. PATTERSON, M.D. 
AND 
SAMUEL M. WEINGROW, M.D. 


SONYEA, N. Y. 


\s we have indicated in a preceding paper’ on the brain-liver 
weight ratio in epilepsy, our attention was first invited to this subject by 
the articles of Myerson? and Thom,* each of whom has reported a 
series of cases in which he has found an abnormal relationship 
between the weight of the brain and that of the liver in this condition. 
Although the points of view and the results of these investigators have 
already been indicated in the preceding article, it seems desirable to 
repeat them briefly. 

In 1914, Myerson studied a group of twenty selected epileptic per- 
sons, ranging in age from 25 to 40 years; all were well nourished and 
“died of sudden diseases.” The cases were chosen to eliminate, as far 


as possible, such factors as tuberculosis, diarrhea and emaciation. Most 


of the patients died from suffocation, acute lobar pneumonia, edema of 


the lungs and similar conditions. Myerson‘ states : 


The results were rather surprising. In thirteen cases the liver weighed 
1,150 Gm., the brain 1,260 Gm., a very marked reversal of the expected ratio. In 
seven cases the liver weight averaged 1,350 Gm., the brain 1,300 Gm. That is to 
say there was in the smaller series a somewhat heavier liver than brain and in a 
larger series a much lighter liver than brain. It is, of course, obvious that so 
small a series is not sufficient from which to draw conclusions. Nevertheless it 
points out a line of research in epilepsy. Moreover, in looking over the protocols 
there are more changes recorded in the organs of epileptics than are recorded in 
the organs of paretics. That is to say on superficial investigation there seem t 
have been more definite organic changes in a disease not known to be organic,. than 
in a disease definitely known to be organic. Whether these changes are due to 
the epileptic attacks or cause them can only be determined by an extensive study 
of a long series of cases 


In 1916, Thom studied a group of forty-two epileptic persons and 
found that the brain weighed more than the liver in twenty-six cases, or 
62 per cent, and less than the liver in sixteen cases, or 38 per cent. As 

* Submitted for publication, Feb. 8, 1928. 

* From the Laboratory of the Craig Colony for Epileptics. 

1. Patterson, H. A., and Weingrow, S. M.: Psychiatric Quart. 2:171 (March) 
1928. 

2. Myerson, A.: Taunton State Hospital Papers, 1914, 4. 

3. Thom, D. A.: Bull. Mass. Dept. Ment. Dis. 7:123, 1917 to 1918. 

4. Myerson, A.: J. Nerv. & Ment. Dis. 41:444 (July) 1914. 
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in Myerson’s series, these cases were selected to cover an age range of 
from 17 to 45 years, both in order to insure complete natural develop- 
ment of the liver and, at the same time, to avoid senile retrograde 
changes. Thom ® says: 


Most of the cases in this series at the time of death were between 17 and 45 
years of age. Pulmonary edema, broncho-pneumonia, lobar pneumonia, status 
epilepticus, and asphyxia were the causes of death in over 90 per cent of the 
cases, so that the gross lesions found at autopsy could not well be attributed to 
the terminal disease. . . . Not only was there an abnormal relation existing 
between the liver and brain weights, but in only a very limited number of cases 
lid the weights of these organs fall within the limits of what I arbitrarily 
accepted as normal liver and brain weights. . . . Of the sixteen cases where 
he relative liver and brain weight was normal, in only two were the weights of 
the liver and brain both within the normal limits in the same case, i. e., forty of 
the forty-two cases studied revealed either an abnormal relation between the liver 
nd brain weights, or that one of the organs was of abnormal weight. In some 
ises both conditions were true. 
MATERIAL 
The point raised by both Myerson and Thom that prolonged research 

n this field seemed not unpromising, stimulated us to consider further 
he question of the brain-liver weight ratio in epilepsy. For this pur- 
pose, 368 cases were selected from a series of 1,200 autopsies extending 
ver a period of thirteen years. These included the three following 
‘roups: 250 cases of nonemaciated persons with idiopathic epilepsy, 
orty-two cases of nonemaciated persons with nonessential epilepsy, and 
seventy-six cases of emaciated persons with idiopathic epilepsy. These 
itients all had seizures of grand mal type, while some also had attacks 
if petit.mal type; they were of both sexes and were all between the 
ages of 16 and 50 years, inclusive, at the time of death. In the non- 
maciated groups, only those cases were chosen in which death was 
lue to a sudden acute condition: lobar pneumonia, bronchopneumonia, 
pulmonary edema, status epilepticus, asphyxiation and other similar dis- 
orders in which the nutrition of the patient was not affected. By exer- 
cising these precautions in these two groups, we were able to eliminate 
the cases both in which the liver had not yet attained its full develop- 
ment and in which the organ was already undergoing senile retrogressive 
changes, as well as those instances in which the liver was affected by a 
chronic wasting disease. On the other hand, in the emaciated group, 
those persons dying frem chronic wasting diseases, such as tuberculosis, 
ileocolitis, inanition of idiocy and other similar conditions were included 
for a reason that will appear presently. In the group of persons with 
nonessential epilepsy only those cases were included in which a definite 
pathologic condition, which could reasonably be regarded as a probable 


5. Thom, D. A.: J. Nerv. & Ment. Dis. 43:422 (May) 1916. 
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cause of the epilepsy, was found in the brain at autopsy, such as abscess, 
chronic meningitis, cyst, fracture of the skull, gumma and tumor of the 
brain, of the meninges or of the surrounding bony structures (when the 
neoplasm impinged sufficiently on the cerebral substance). Conversely, 
only those cases were classified as idiopathic or essential epilepsy in 
which a definite probable pathologic cause to which the epilepsy could 
reasonably be attributed was not discovered at necropsy. Chief among 
the gross abnormalities found in the brains in the idiopathic cases chosen 
were these in the following order of frequency: edema, congestion, sub- 
arachnoid hydrops, softening, sclerosis, internal hydrocephalus, 
hemiatrophy, microgyria, microcephaly, macrogyria, acute meningitis 


and macrocephaly. The major gross abnormalities revealed at autopsy 


in the group of persons with nonessential epilepsy were, in the order 
named: brain tumor (large), osteomas of the dura, fracture of the 
skull, chronic meningitis, encephalitis, bony tumor (with impingement), 


laste 1.—Observations of Thom on Weight of Brain and Liver 


Above Normal Normal Below Normal 


12 14 16 (38%) 


TasLeE 2.—Results in Nonemaciated Persons with Idiopathic Epilepsy 


Above Normal Normal Below Normal 
47 (18.8%) 122 (48.8%) 
24 Hy 174 (69.6%) 


cerebral hemorrhage, cyst and gumma. The most common gross abnor- 
malities encountered in the liver named in the order of their frequency 
were: chronic passive congestion, fatty degeneration, cirrhosis and 
amyloid degeneration. In order to render the results comparable to 
those of the previously mentioned investigators, we have adopted, as in 
our earlier article, as the normal limits for the weight of the brain and 
of the liver, respectively, the standards proposed by Thom: normal 
brain from 1,250 to 1,400 Gm.; normal liver from 1,500 to 1,800 Gm. 


RESULTS 

The results obtained are given in the accompanying tables. Table 1 
presents the observations of Thom for purposes of comparison. Tables 
2, 3 and 4 show our results in: (a) the nonemaciated persons with 
idiopathic epilepsy; (b) the nonemaciated persons with nonessential 
epilepsy, and (c) the emaciated persons with essential epilepsy, serially, 
indicating in each case the number of instances in which both the weight 
of the brain and that of the liver were normal and the number in which 


Liver 
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the weight of these organs was above or below the normal, respectively. 
In addition, the relative percentages of the entire number of cases studied 
in any given group are also included at the proper point in the corre- 
sponding table when these seem to be of particular interest for subse- 
quent contrast and discussion. In table 5 the results shown in the four 
preceding tables are summarized. This table offers a contrast between 
the data presented by them, but the material is considered from a some- 
what different point of view from that previously selected, since the 
scheme of Thom’s original summary is followed in comparing directly 
the relative weights of the brain and liver, irrespective of their relation 
to the normal. 


TABLE 


3.—Results in Nonemaciated Persons with Nonessential Epilepsy 


Above Normal Normal 


. 11 (26.2%) 


selow Normal 


15 (35.7%) 


30 (71.4%) 


TABLE 4.—Results in 


Emaciated Persons with Essential Epilepsy 


Above Normal Normal 
9 (11.8%) (26.3% 
10 


Below Normal 


47 (61.8%) 
65 (85.5%) 


5.—Summary of Results 


Weight of Brain Greater Weight of Liver Greater 


than Weight of Liver than Weight of Brain 
Number of Number of 
Cases Per Cent Cases Per Cent 


Nonemaviated persons with idiopathic 

epilepsy ...... 105 43 140 57* 
Nonemaciated persons with nonessential 


19 45 23 55 
42 


* In five cases the weight of the brain equals the weight of the liver. 
t In one case the weight of the brain equals the weight of the liver. 


From the tables it may be observed that in Thom’s series relatively 
few of the brains were below normal in weight, whereas a considerable 
majority of the livers were. This table has been inserted for purposes 
of contrast, but since Thom does not distinguish between idiopathic and 
nonidiopathic epilepsy, this comparison can proceed only in general 
terms. 

From table 2, dealing with the nonemaciated persons with idiopathic 
epilepsy, it appears that the weight of the brain was below normal in a 
larger percentage of these cases than in Thom’s series and, conversely, 
that the weight of the liver fell below the normal in a smaller percentage 


than in his group. Broadly speaking, however, the observations in our 
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larger aggregation of cases confirm Thom’s contention that the weight of 
the liver tends to fall below normal in epilepsy—at least, in idiopathic 
epilepsy. 


It happens that the total number of cases of nonessential epilepsy 


which we were able to gather equals the number of cases in Thom’s col- 
lection. The data presented for the group of persons with nonessential 
epilepsy (table 3) show a definite reduction in the weight of the liver in 
a high percentage of cases, greater, in fact, than in the group with 
idiopathic epilepsy. On the other hand, the relative percentage of cases 
in which there was a reduction in the weight of the brain is considerably 
less than in the persons with essential epilepsy. It will be noted that the 
ratio between the number of cases in which the weight of the brain and 
that of the liver, respectively, fall below normal is identical with that 
obtained by Thom in his apparently mixed group. The results obtained 
with this group, therefore, further substantiate Thom’s observation that 
the weight of the liver is reduced in epilepsy. But, since this reduction is 
present in the persons with idiopathic epilepsy as well as in those with 
nonidiopathic epilepsy, it would appear that the diminution in the weight 
of the liver cannot be attributed to the epilepsy per se but must 
be due to some concomitant phenomenon present in both essential and 
nonessential epilepsy. Moreover, the fact that the brain shows a decrease 
in weight in an appreciably greater percentage of instances in the group 
of persons with idiopathic epilepsy than in those with nonidiopathic 
epilepsy suggests that the former condition tends to affect the central 
nervous system to a greater extent than does the latter. This is 
diametrically opposed to the conception of Thom that “the abnormal 
functioning of a normal brain may be secondary and the structural 
alteration in other organs the primary process.” Here it would appear 
that the structural alterations in the liver are secondary and due to some 
concomitant phenomenon, whereas the primary process, so far as it 
shows any effect, seems to involve the brain directly. Thus, these obser- 
vations tend to offer an answer to the question raised by Myerson, 
whether “these changes are due to the epileptic attacks or cause them.” 

At first sight, it appears further from tables 2 and 3 that there is a 
reduction below the normal in the weight of the liver in a greater per- 
centage of persons with nonessential epilepsy than in those with 
idiopathic epilepsy. But we believe that this slight difference (71.4 
as compared with 69.6 per cent) is more apparent than real because 
of the relatively small number of instances found in table 3. It seems 
not unlikely that if it had been possible to secure a greater number of 
these cases, the difference would practically have disappeared. In other 
words, we believe that this seeming difference is simply one of those 
seductive pitfalls to which statistics are prone. 
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At this point the objection might also be raised that in epilepsy, par- 
ticularly when this condition is accompanied by amentia, one sometimes 
finds microcephaly, and that the incidence of these small brains would 
result naturally in a certain percentage of the brains found at autopsy 
being below normal in weight. In order to test the validity of this 
objection, we have calculated the percentage in which microcephaly 
occurs in our material and find it to be 5.2 per cent. Therefore, the 
reduction in the weight of the brain cannot be attributed entirely to the 
occurrence of microcephaly although this condition is doubtless a con- 
tributory factor of minor significance. 

Up to this point, the rdle of emaciation has been excluded from the 
results detailed in order to make these observations comparable to those 
of Myerson and Thom, both of whom eliminated the influence of this 
factor. During the course of the investigation, however, it occurred to 
us that it might be of secondary interest to determine the effect of this 

ariable. Consequently, data on a series of emaciated persons with 
nonidiopathic epilepsy, were included in this study. Table 4 shows that 
when both epilepsy and emaciation are present, the percentage of cases in 
vhich the weight of the brain and that of the liver fall below normal is 
reater than in the nonemaciated group. In this connection, it may be 
noted that the proportion of instances in which the weight of the brain is 
hove normal, normal and below normal, successively, is roughly 1:2: 3 
the nonemaciated group with essential epilepsy and approximately 
1:2:5 in the emaciated group with essential epilepsy. Nevertheless, 
follows from a comparison of the percentages given in table 4 with 
those in table 2 that the further increase in the percentage of cases in 
which the weight of these organs falls below normal, owing to the addi- 
tional part played by the emaciation, is appreciably less than the per- 
entage in which the decrease in weight was due originally to the 
epilepsy alone. 

Table 5 summarizes the results from a somewhat different point of 
view namely, that of the direct relationship between the weight of the 
brain and that of the liver. The weight of the liver would naturally be 
greater than that of the brain, as the normal liver-brain weight ratio is 
greater than one (Myerson 16:13; Thom 7:6) and, since there is no 
overlapping between the accepted normal standards for the weight of 
the brain and liver (normal brain from 1,250 to 1,400; normal liver 
from 1,500 to 1,800), the weight of the brain should never equal or 
exceed the weight of the liver under normal conditions. Yet the table 
shows that in 43 per cent of the persons with essential epilepsy and in 
45 per cent of those with nonessential epilepsy (both nonemaciated) the 
weight of the brain is greater than that of the liver, while in 2 per cent 
of the persons (nonemaciated) with idiopathic epilepsy, the weight of 
the two organs is equal. This further substantiates Thom’s original 
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thesis that the weight of the liver tends to be reduced in epilepsy. On 
the other hand, in both of these groups the percentage of cases in which 
this relationship obtains is markedly less than the percentage found in 
Thom’s series. Moreover, even in the group of persons with essential 


epilepsy in which the additional factor of emaciation is present, the per- 


centage of such instances is still appreciably below that of Thom. Since 
the latter investigator has eliminated cases of emaciation, however, com- 
parison with his results is permissible only in general terms, and attention 
is drawn to this point merely to indicate that even with the operation 
ot this additional factor, the percentage of instances in which this abnor- 
mal relationship appears is still obviously smaller than in his figures. 
As the table indicates, the percentage of cases in which the weight of the 
brain is greater than that of the liver and, conversely, those in which the 
weight of the liver is greater than that of the brain, is approximately 
the same both in the persons with essential and in those with nonessential 
epilepsy. ‘This close approximation in percentages between these two 
series emphasizes the point already made that changes in the weight of 
the liver in this malady are not due to the epilepsy itself but to some 
concomitant phenomenon. Finally, cognizance should be taken of the 
fact that the relatively high percentage of instances in which the weight 
of the brain falls below the normal in essential epilepsy does not appear 
in this table because of the change in point of view. 

From the considerations just set forth in regard to the vacillation in 
the weight of the brain and liver, as well as from those concerning the 
variations in the relative weights of these organs with differences in dura- 
tion and onset, as we have previously described, it will be evident that 
the brain-liver weight ratio in epilepsy is not constant. While this ratio 
may often prove an interesting component of the total picture in epilepsy, 
it is not a permanent landmark in this disease. 


CONCLUSIONS 
From the data presented, we feel justified in drawing the following 
conclusions : 
1. In the group of persons with essential epilepsy, the weight of the 
brain falls below normal in 48.8 per cent of the cases. 


2. In the group of persons with nonessential epilepsy, the weight of 


the brain falls below normal in 35.7 per cent of the cases. 

3. Microcephaly was found in 5.2 per cent of the cases studied. 

4. There seems to be a somewhat more frequent reduction in the 
weight of the brain in persons with essential than in those with non- 
essential epilepsy. 

5. In the series of persons with idiopathic epilepsy, the weight of the 
liver fell below normal in 69.6 per cent of the cases analyzed. 
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6. In the series of persons with nonessential epilepsy the weight of 
the liver fell below the normal in 71.4 per cent of the cases analyzed. 

7. The diminution in the weight of the liver, therefore, is apparently 
not due to epilepsy per se but to some concomitant phenomenon. 

8. When both emaciation and epilepsy are present, the weight of the 
brain falls below the normal in 61.8 per cent of the cases. 

9. When both emaciation and epilepsy are present, the weight of the 
liver falls below the normal in 85.5 per cent of the cases. 

10. The relative incidence of reduction in the weight of the brain 
below normal due to the epilepsy per se is greater than the further per- 
centage increase added by the emaciation. 

11. The relative frequency of the diminution in the weight of the 
liver below normal occurring with epilepsy is greater than the additional 
percentage increment superimposed by the emaciation. 

12. The brain-liver weight ratio is not constant in epilepsy. 
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OPTIC NYSTAGMUS. 
TECHNICAL INTRODUCTION, WITH OBSERVATIONS IN A CASE WITH 


CENTRAL SCOTOMA IN THE RIGHT EYE AND EXTERNAL 
RECTUS PALSY IN THE LEFT EYE* 


RAYMOND DODGE, Pu.D., . Sc.D. 
Professor of Psychology 
AND 
JAMES CHARLES FOX, Jr, M.D. 
Assistant Professor of Medicine 


NEW HAVEN, CONN, 


\lthough the ocular nystagmus resulting from watching moving 
objects has been recognized for many years, it has not received the 
scientific attention comparable to the intensive investigation, both clin- 
ical and experimental, that has been accorded the nystagmus evoked by 
labyrinthine stimulation. Dodge * described photographic records of the 
eye movements evoked by a group of moving objects in 1903, and by a 


moving pendulum? in 1907. The latter type of visual stimulus was 


subsequently utilized by Diefendorf and Dodge* in the study of the 


ocular reactions of patients with mental disease. Barany * was the first 
to study the nystagmus elicited by a succession of moving objects in con- 
nection with ocular palsies, soon followed by the work of Wirths.° 
Coppez ® briefly described this type of eye movement in 1913, and in 
1920, Bartels * found that it occurred in reptiles and birds but stated 
that optical nystagmus did not occur in the rabbit. 

* Submitted for publication, Jan. 19, 1928. 


* From the Institute of Psychology and the School of Medicine, Department 
of Internal Medicine, Yale University, and the Medical Service of the New Haven 
Hospital. 

1. Dodge, R.: Five Types of Eye Movements in the Horizontal Meridian 
Plane of the Field of Regard, Am. J. Physiol. 8:307, 1903. 

2. Dodge, R.: An Experimental Study of Visual Fixation, Psychol. Rev. 
Monograph Supplements, 1907, no. 35, p. 16. 
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Comparative photographic records of the eye movements under con- 
trolled conditions by Dodge* show that there is not any apparent 
difference between the overt behavior of the eyes evoked by a succession 
of moving objects and that occurring during rotary vestibular stimulation 
in a blindfolded subject. Both show the same alternation of quick and 
slow phases, in which the latter are substantially in accord with the 
apparent velocity of the environment and may have exactly the same 
amplitudes and angular velocities, though this is not universal. The 
rapid phases are indistinguishable. Optically induced nystagmus, how- 
ever, may be protracted almost indefinitely, or until the onset of ocular 
fatigue, and shows little if any after-effect, while the vestibular variety 
gradually dies out during protracted rotation of a blindfolded subject at 
constant angular velocity, and shows a characteristic reverse after-effect 
when rotation is stopped, the so-called after-nystagmus. 

There are, however, marked differences in the neural origin and 
latency of the two varieties of nystagmus. Vestibular nystagmus arises 
from stimulation of the semicircular canals and involves only subcorfical 
pathways, beginning after a latency of the order of 0.060, sec md. The 
other type arises from stimulation of the retina‘by a complex moving 
object and involves, in addition, higher cerebral pathways, beginning 
ifter a latency of the order of from 0.50 to 0.200-second. a” 

Barany ° had turned his attentiop again, to the so-called “Eisenbahn- 
nystagmus” in 1921, and since then the clinical ingerest in this phenom- 
enon has been reawakened. Variotis terms have been used in addition 
to Barany’s railway nystagmus, such “as pursuit nystagmus (Dodge), 
ptical rotary nystagmus (Ohm), optomotor nystagmus (Cords), optical 
movement nystagmus (Kestenbaum), or simply optic nystagmus ( Fox 
and Holmes, and others). This last term will be used in this paper in 
referring to the response of the eyes to a succession of moving objects, 
consisting of two phases—a slow deviation in the direction of movement 
and a rapid jerk in the opposite direction. 

The variations of optic nystagmus in normal persons, the alteration 
of this reaction by ocular palsies or visual defects, especially hemianopia, 
the modification of the phenomenon in the presence of a coexisting 
pathologic nystagmus and the impairment or absence of the nystagmus 


have all been studied 
by numerous investigators during the past six years. The group, 


to the one or both sides in cases of brain lesions 


8. Dodge, R.: Adequacy of Reflex Compensatory Eye-Movements Including 
the Effects of Neural Rivalry and Competition, J. Exper. Psychol. 6: 169, 1923. 


9. Barany, R.: Zur Klinik und Theorie des Eisenbahn-Nystagmus, Arch. f. 
Augenh. 87:139, 1921. 
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consisting of Barany,® Borries,’® Brunner, Cords,’* Demetriades,™ 
Fox and Holmes,'® Kestenbaum and Cemach,'® Kollner,” 
E. Ohm,'* J. Ohm,’* Stenvers,?® Strauss *! and Wernoe,?? includes 
otologists and ophthalmologists as well as clinical neurologists. Critical 
consideration of the results of these various clinical investigations, 
including the extensive graphic records of the eye movements presented 
by J. Ohm, is in our program for a future communication. 

In view of this clinical importance, two members of the staffs of 
the Institute of Psychology and the Department of Neurology of Yale 
University, are cooperating in a program for the study of relevant cases. 
Clinical exploitation of optic nystagmus, however, presupposes a knowl- 
edge of its normal physiologic aspects and determinants. Unfortunately, 
this knowledge is fragmentary, and much of what purports to be known 
is still under debate. 

FUNDAMENTAL PROBLEMS 

Irrespective of the questions of neural integration and cerebral locali- 
zation, which do not concern the present report, we do not know: (1) 
the thresholds of optic nystagmus, (2) the character of the stimuli which 
evoke it, (3) the locus of effective retinal stimulation, (4) the deter- 
minants of the angular velocity of the slow phase, (5) the determinants 
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of the amplitude of the slow phase and incidence of the quick phase and 
(6) the determinants of the amplitude of the quick phase. 

The first question remains entirely unexplored as far as we can 
learn. No one has determined either the upper or the lower limits of the 
angular velocities of a moving object which can evoke optic nystagmus. 

\WVith respect to the second question, the character of the stimulus, 
we already have rather decisive answers in the photographic records of 
normal subjects taken by the aid of our nystagmograph. A detailed 
description of the apparatus will be given in a special report. It is suf- 
ficient to state here that a mirror-recorder was used, in which a concave 
mirror pressed against the closed lid of one eye, tangential to the under- 
lying corneal surface, and reflected a recording beam of light to moving 
photographic paper.2* The concave surface of a large rotating cylinder, 
which surrounds the subject’s head (somewhat similar to Brunner’s 

screen )** carried nine objects of different complexity. They were as 
follows: two vertical black bars; three groups of letters comprising 
from one to three letters each; four colored pictures: a lion, an electric 
iron, an adult holding a child, and eight faces in an irregular group. All 
of these were hung on the wire mesh screening of which the cylinder 
was made, and which in itself, as it revolved about the subject’s head, 
‘onstituted a moving visual stimulus of many fine white lines in addition 
to the more complex stimuli already mentioned. 

The picture seems to be that of the pursuit of the fixated object by a 
low phase and refixation of another object of pursuit by a rapid phase. 
(here is a striking difference in the character of the nystagmus in 
pursuit of the various objects. The amplitude of the pursuit phases 
is consistently longer for the larger, more complex objects than for the 
inesh. They are of the order of 20 and 8 degrees, respectively. Whereas 
he pursuit movements of the mesh are invariably unbroken lines, each 
ursuit of the objects is broken by more or less frequent saccadic phases 
varying in amplitude, in number and in direction. The occasional 
saccadic phases occurring within the slow phase but in the direction of 
ursuit are crucial examples, disproving the theory of origin of the quick 

movement by elasticity of the muscles.’® All these features of the 
normal optic nystagmus picture point conclusively to a visual rather 
than a mechanical origin of the quick as well as the slow phase, and thus 
throw some additional light on the fifth as well as the second question. 

With respect to the third question, the locus of effective retinal 

stimulation, we have a decisive answer in the following case, which also 
23. Developed in part by a special grant of the American Association for the 


\dvancement of Science from the underlying plan of Dodge’s mirror recorder 
(J. Exper. Psychol. 4:165, 1921). 


24. Brunner, H.: Demonstration eines Drehschirmes zur Prufung des experi- 
mentelles “optischen” Nystagmus, Ztschr. f. Hals-, Nasen- u. Ohrenh. 3:241, 1922. 
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Figure 1 Figure 2 


Figures 1 and 2 reproduce sections from two typical nystagmographic records 
which were taken from the left eye of a normal subject. Each figure cor- 
responds to one rotation of the cylinder which carries the object of regard and 
represents a time interval of twelve seconds. The records should be read from 
below upward, the heavier lines corresponding to the slow or pursuit phases of 
the optic nystagmus, the fainter almost horizontal lines corresponding to the 
saccadic or rapid phases. In figure 1, the objects were moving in a clockwis« 
direction. In figure 2, they were moving counterclockwise. This corresponds 
to the fact that the mirror recorder moves opposite to the direction of eye move 
ments. 

To facilitate comparison, the nature and order of objects as they passed the open 
30 degree window of the screen between the seeing eye and the cylinder are indi 
cated in writing on the margin of each record. Between the pursuits of the several 
object groups, there may appear a short pursuit of the wire mesh of which the 
cylinder was made. In the pursuit of objects, the number of breaks in the slow 
phase commonly corresponds roughly to the complexity of the object in view. 


Pursuit of the bars shows relatively simple sweeps of the eye, while pursuit of 


the pictures is relatively complex with numerous refixations on different parts 
of the picture. 

Most of the rapid phases are in a direction opposite to that of the pursuit, 
but figure 1 shows three rapid movements of the eyes in the same direction as 
the pursuit. 
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throws some additional light on question four, the determinants of the 


angular velocity of the slow phase. The unusual combination of a 
central scotoma in the right eye and involvement of the left sixth nerve 
with paralysis of the left external rectus constituted an almost experi- 
mental situation. 


REPORT OF 


A 


CASE 


R. N., a school girl, aged 11, was admitted to the New Haven Hospital on 
Sept. 23, 1927, for treatment of tuberculous disease of the seventh thoracic vertebra 
and also for investigation of an intracranial lesion. In addition to the character- 
stic symptoms referable to Pott’s disease, the patient had suffered from diplopia 
since June, 1927. At first this occurred only on looking to the left; recently it 
had become a fairly constant symptom. The patient overcame this by closing the 
left eye or by turning the head to the left and keeping the eyes to the right of 
their primary central position. Blurring of vision in the right eye was first 


ioticed in July and had steadily increased since that time. Generalized headaches 
nade their appearance three weeks before admission and had become steadily 
vorse. Vomiting, partly projectile in type, had been present for the past week. 

The patient was an alert, intelligent, cooperative child. The temperature, pulse, 
1 respiration were normal and remained so during her stay in the hospital. 


esults of physical examination were negative except for the signs related to the 
isease of the spine, which do not concern us here. The usual laboratory tests 
vere negative with the exception of a positive reaction obtained from the intra- 
itaneous injection of 0.02 mg. of tuberculin. 

Examination.—Neurologic examination was by necessity carried out with the 
itient in the supine position. This revealed slight stiffness of the neck, bilaterally 
sitive Kernig test, a band of hyperesthesia at the level of the eighth and ninth 
oracic segments, and exaggeration of the deep reflexes of the lower limbs, with- 
it other pyramidal signs. All these signs were thought to be related to the dis- 
se of the spine. In addition she showed the following abnormal observations 
the domain of the second and sixth cranial nerves, which are of especial sig- 
ficance in our study: 

Visual Acuity: On the right she could appreciate light from darkness but was 
able to count figures at any distance; on the left it was reduced to slightly less 
an 50 per cent as tested by graded type at reading distance. 

Visual Fields: The right showed a large central scotoma extending out to 
out 10 degrees above, below and to the temporal side, and about 15 degrees 

the nasal side; the left showed slight generalized peripheral restriction, no 
toma. 


Fundi: Blurring of both disk margins was present, with enlargement of the 
retinal veins. The right disk was level; the left was swollen about 1 diopter. 
here was a striking circumscribed central and temporal pallor of the right disk, 
characteristic of atrophy of the macular bundle. 


There was almost complete paralysis of the external rectus of the left eye. 
The resting position of the left eye was slightly to the right of the primary 
central position. 


There was no strabismus at rest, however, the patient rotating 
the head slightly to the left to compensate for the muscle weakness. When the 
patient attempted voluntary left lateral conjugate deviation, the left eye moved 
only about 5 degrees to the left of its central position, whereas the right eye was 
capable of moving over to its limit of internal rotation. Right lateral conjugate 
deviation and upward and downward movements of the eyes were synchronous 


4 
E 
¢ 
| 


818 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


and normal in range. On convergence, the right eye failed to move inward, 
presumably owing to the loss of fixation. 

The right pupil was slightly larger than the left. When light was thrown 
into the right eye, both pupils contracted sluggishly; when the light stimulus was 
applied to the left eye, both pupils contracted normally and equally. 

There was no involvement of the other cranial nerves. Examination of the 
motor and sensory systems failed to reveal any further localizing signs. 

Stereoscopic roentgenologic examination of the skull revealed evidences of 
increased intracranial pressure in separation of the sutures and convolutional 
atrophy, most noticeable in the frontal region. The sella turcica was greatly 
widened in its anteroposterior dimensions. 

Course-——The patient, unfortunately, passed from under observation on dis- 
charge from the hospital against advice on October 8. Speculation regarding 
the localization of the intracranial lesion, which was probably a tuberculoma, will 
not be entered into at this time. Only those brain lesions, localization of which is 
approximated at operation or verified at autopsy, are of real value as a contribution 
to the knowledge relating to questions of neural integration of optic nystagmus. 

Observations of Nystagmus.—The welfare of the patient made it inadvisable 
for her to sit up, thus prohibiting the use of our photographic technic: Observa- 
tions were consequently made at the bedside by the aid of a revolving drum 
similar to that employed by previous investigators. An aluminum kymograph 
cylinder, 16 cm. in diameter, was covered with paper showing alternate vertical 
stripes of white and black, 11 mm. in width. This revolved on a steel rod which 
ended in a convenient wooden handle, by means of which it was rotated by hand 
at a relatively slow, fairly uniform rate of speed. Each set of experimental 


conditions was repeated until both observers were confident of the phenomena as 


recorded. The observations were not as precise as the case deserved, but they 


were all that the available technic and welfare of the patient permitted. 


EXPERIMENTAL OBSERVATIONS 


Effect of Stimulating the Centrally Blind Right Eye by a Succession of Moving 
Objects—The left eye was screened and the revolving drum was held directly 
in front of the right eye at varying distances for the purpose of determining the 
extent of the absolute scotoma. At a distance of 50 cm. subtending an arc of 
16 degrees to the center of the cornea, the drum was consistently invisible to the 
patient and regularly failed to evoke nystagmus on rotation. When moved half 
way to the eye at a distance of 25 cm., subtending an arc of 27 degrees, rotation 
of the drum produced occasional wandering eye movements coincident with 
moments of faint visual perception was reported by the patient. With the drum 
between these two distances, the response was variable, depending, apparently, on 
the patient’s maintenance of the eye in its primary central position. 

At a distance of 15 cm., subtending an arc of 40 degrees, there were constant 
fine nystagmoid movements when the drum was revolved in the direction R— L 
but none in the direction L—R.” (It will be remembered that the scotoma 
extended to a somewhat greater extent nasalward.) With the drum only 10 cm. 
distant from the eye, subtending an angle of 52 degrees, the nystagmus was of 
increased amplitude during the R—L rotation, but consisted of only occasional 
irregular eye movements during the L—R rotation. 


25. Direction of rotation is always referred to from the point of view of 
the patient. 
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The drum was then moved to lateral positions well outside the central scotoma, 
both nasalward and to the temporal side. Rotation of the drum in both directions 
never failed to evoke a normal optic nystagmus, with the slow component in the 
direction of movement of the stripes and the quick component in the opposite 
lirection. It is interesting to note that during the experiments with the drum in 
the lateral positions, the uncovered right eye oscillated about its primary central 
position instead of directing the line of regard toward the drum. 

The behavior of the left eye could be well noted beneath the screen. It was 
bserved to move conjugately with the right eye, except that its movements were 
mited to the nasal side of its primary central position, due to the paralysis of 
ts external rectus. 


Conclusion.—W ith respect to the third question, the locus of effective 
etinal stimulation, the answer from this case is unequivocally clear. 
)ptic nystagmus can be evoked by peripheral retinal stimulation alone 
hen central vision is completely excluded by an absolute central 
otoma. This confirms the contention of Ohm,?* Borries,**7 Fox and 
lolmes,!® and disproves the theory of Kestenbaum ** that foveal stimu- 
tion is essential for the production of optic nystagmus. 


Effect of Stimulating the Left Eye by a Single Moving Object.—During these 
servations, as also those already described, the right eye was screened in such 
way that, although vision of the moving objects was not possible, the conjugate 
rvements of the right eye could be carefully watched. 

(a) Pursuit Behavior of the Left Eye: When a simple white object, 0.6 cm. 

diameter, was moved from the nasal to the temporal field in a direction RL, 

eye stopped at the limit of its range of movement at a point estimated to be 
out 5 degrees to the left of the primary central position and underwent short 
regular nystagmoid jerks, with quick component to the left. On the nasal side, 
the nonparalyzed sector of movement, the left eye showed smooth pursuit in 
ther direction. Only on extreme internal rotation did nystagmus appear, with 
ick component to the right. 

(b) Pseudopursuit Behavior of the Right Eye: While moving the object in 

direction R—L, at the point where the paralyzed left eye stopped pursuit, 

right eye suddenly rotated about 20 degrees to the left and continued a fairly 
smooth pseudopursuit, keeping consistently ahead of what would have been a true 
line of conjugate fixation. Nystagmus did not occur in the right eye at a point 
rresponding to that at which it was observed in the left eye. Not until the 
xtreme position of internal rotation was reached did nystagmus appear, with 
ick component to the left. 

On moving the object in a direction L—R, while the visual stimulus was 
within the paralyzed sector of the left eye, the right eye was still displaced dis- 
proportionately to the left in relation to its own true line of conjugate pseudo- 
fixation. This was suddenly corrected by a quick rotation of the right eye to 
the right when the left eye began pursuit. The pseudopursuit movement of the 
right eye was then smooth until the extreme position of external rotation was 
reached when it developed nystagmus, with quick component to the right. 


26. Ohm, J.: Die klinische Bedeutung des optischen Drehnystagmus, Klin. 
Monatsbl. f. Augenh. 68:323, 1922. 

27. Borries, G. V. T., and Meisling, A. A.: Optic Nystagmus and Central 
Fixation, Hospitalstid. 66:473, 1923. 
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Comment.— The disproportionate conjugate pursuit movement 
recorded here is a well known ocular phenomenon, commonly explained 
as the exaggerated response of the nonparalyzed eye to the exaggerated 
impulse developed in the attempt to execute the defective movement in 
the paralyzed eye. The pseudopursuit was not nystagmoid in character, 
but was practically smooth except for small corrective movements as 
have been repeatedly described by Dodge ? and others from photographic 
records in normal pendulum pursuit. 

Stimulation of the left eye by a single moving object resulted in true 
nystagmus in the right eye only in extreme nasal or temporal positions. 
Nystagmus occurred in the left eye at the limit of the range of movement 
of the paralyzed external rectus. In all instances nystagmus, when it 
occurred, conformed to positional conditions as regards its incidence and 
direction. 

This type of positional nystagmus may be best explained as follows: 
The extreme position causes a stretching of the antagonists with 
rebound, resulting in the slow component. The quick component repre- 
sents the refixation of the object. This distinction is important in its 
relation to optic nystagmus when entirely different conditions prevail, in 
that the slow component is in the direction of the movement of the more 
complex visual field, and the quick component represents a refixation 
movement in the opposite direction. In this connection it therefore has 
significant bearing on questions 2 and 5 in the discussion of the mechan 
ical versus the optic origin of the two components of optic nystagmus 

Effect of Stimulating the Left Eye Within its Nonparalyzed Sector by a Suc 
cession of Moving Objects—(a) Revolving the drum in the direction RL 
entirely within the nasal field of the left eye evoked normal conjugate optic nystag- 
mus in both eyes. 

(6) Revolving the drum in the direction L— R elicited at first no eye move- 
ments whatever and later occasional irregular conjugate jerks without nystagmoid 
rhythm. The observation was controlled by rotating the drum alternately R— | 
and L — R, with consistent alternation of ocular behavior as already described 


Comment.—No satisfactory explanation of this phenomenon is 


offered. In this case, on L—R rotation of the drum, the quick move- 


ment of the left eye would necessarily be produced solely by the relaxa- 
tion of the internal rectus. E. Ohm ** has shown that a sole functioning 
internal rectus is capable of calling forth both a slow and a quick move- 
ment. But even if this explanation was accepted for the left eye, the 
failure of the right eye to respond conjugately in the form of nystagmus 
is not explained. 


Effect of Stimulating the Left Eye Within its Paralyzed Sector by a Succes- 
sion of Moving Objects—(a) Rotation of the drum in either direction entirely 
within the temporal field of the left eye did not evoke movement of the left eye with 
the exception of occasional irregular vertical and oblique oscillations. 
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(b) On the contrary, the screened right eye responded to both directions of 
rotation of the drum with a vigorous nystagmus in which the slow phase was 
always in the direction of the movement of the stripes and in a sector roughly 
corresponding to the relative position of the drum. This was occasionally inter- 
rupted and temporarily disturbed by long gliding movements between the central 
and extreme nasal positions. 


Comment.—In this case pseudoconjugate nystagmus was obtained 
in the screened right eye by stimulation of the left eye within its para- 
lyzed sector. J. Ohm ** reported a case in which he was able to obtain 
conjugate optic nystagmus in all directions by stimulation of a com- 
pletely immobile eye with his rotating cylinder. The evidence from these 
cases has an important bearing on the third question, the locus of 
effective retinal stimulation. The pseudoconjugate nystagmus must be 


due to the central elaboration of a pursuit impulse evoked by stimu- 
lating the motionless eye in peripheral retinal sectors. Theoretically, it 
can be understood as a consequence of the passing of moving visual 
stimuli from areas of clear to areas of less clear vision and the reverse, 
in extrafoveal sectors entirely. If the slow phase of optic nystagmus 
was dependent entirely on the fixation of the fovea on the moving object, 
then nystagmus could not be elicited from a nonmoving eye. 


OPTICAL DETERMINANTS OF THE SLOW PHASE 


To question four, what determines the angular velocity of the slow 
phase, one can no longer answer that it is exclusively determined by the 


impulse to keep the image of the moving object in the foveal region. 


\pparently, fixation and pursuit of a moving object may be determined 
by any sensitive part of the retina, even in the absence of central vision. 
The motive for pursuit would appear to be an optical impulse to hold 
the image of the object of regard motionless on a retinal area of rela- 
tively clear vision. 


OPTICAL DETERMINANTS OF THE QUICK PHASE 


The fifth question as to what determines the amplitude of the slow 
phase and incidence of the quick phase, remains unanswered by avail- 
able data. Our evidence indicates that the underlying mechanism is 
optic. The quick phase is due to the impulse to transfer the retinal 
image of a new object of relatively greater interest to an area of rela- 
tively clearer vision. This question and likewise number six, pertaining 
to the amplitude of the quick phase, are probably not to be divorced 
from the question, what determines the duration and incidence of the 
fixation pauses in normal reading and casual vision. These seem to be 


28. Ohm, J.: Ist der optische Drehnystagmus von einem unbeweglichen Auge 
auslosbar, Klin. Monatsbl. f. Augenh. 77:330, 1926. 
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a function of interest and attention and habit, rather than optics, but 
the more precise correlations in optic nystagmus have yet to be 
investigated. 


PSYCHOLOGIC DETERMINANTS IN OPTIC NYSTAGMUS 

Otherwise available data indicate that the situation is not so simple 
as the fundamental optic schema might seem to imply. A whole battery 
of reinforcing and inhibiting influences is capable of experimental 
demonstration. The pursuit phase may be more or less completely 
inhibited by convergence, by fixating an accidental motionless object, by 
looking past the drum into the distance, and to some degree at least by 
psychologic indifference. The pursuit phase may be prolonged, on the 
contrary, by special interest or intent. In our complex of moving 
objects, those of little interest commonly receive only a momentary 
glance, while those of real interest are pursued to the psychologic limits. 

Similarly, the quick phase is subject to intercurrent modifications. 
There probably is a strong tendency, of proprioceptive origin, for the 
eyes to return to their primary central position. This tendency may 
bring the eyes back even when there is no effective object of interest 
at that point. The amplitude of the quick phase also seems to be influ- 
enced by the relative interest engendered by different objects competing 
for refixation. 

SUMMARY 

Optic nystagmus may be defined as the response of the eyes to a 
succession .of moving visual stimuli, consisting of a slow deviation in 
the direction of movement of the objects and a quick jerk in the oppo- 
site direction. ‘This phenomenon has assumed considerable clinical 
importance since the report of Barany in 1921. Clinical exploitation, 
however, presupposes a knowledge of its normal physiologic deter- 
minants, which at present is inadequate. This preliminary report 
attempts to point out the fundamental problems concerned, and to indi- 
cate their solution as far as the available data permit. 

Photographic records of normal subjects, taken by means of a 
mirror-recorder nystagmograph, present a picture of pursuit of each 
fixated object by a slow phase and refixation of another object within 
the moving field by a rapid phase. With respect to the question of the 
character of the responses evoked by various moving stimuli, the 


nystagmographic records show striking differences. The more complex 
the object of regard, the greater the amplitude of the slow phase and 
the greater the number of quick phases or refixations within the main 
pursuit. That the mechanism of incidence of the quick phase is optical 
and not mechanical, is shown by the occasional quick phases of refixation 
which interrupt the slow phase in the direction of pursuit. 
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Study of a case with central scotoma of the right eye and external 
rectus palsy of the left eye provides a definite answer to the question 
of the locus of effective retinal stimulation. Optic nystagmus was 
evoked by peripheral retinal stimulation of the right eye alone when 
central vision was excluded by an absolute central scotoma. The pseudo- 
conjugate nystagmus produced in the right eye by stimulation of the 
left eye within its paralyzed sector, was evoked by visual stimuli moving 
exclusively over extrafoveal retinal sectors. These observations also 
indicate that the angular velocity of the slow phase is not determined 
solely by the impulse to keep the moving object of regard on the foveal 
region, but merely to hold the image of the object motionless on a 
retinal area of relatively clear vision. The amplitude of the slow phase 
and incidence of the quick phase are determined by the impulse to 
transfer the retinal image of a new object of relatively greater interest 
to an area of relatively clearer vision. 

The normal psychologic determinants of both the slow and quick 
phases are of significance in understanding optic nystagmus and its 


modifications. Such questions as well as those pertaining to neural 


integration and the localization of intracranial lesions will be the sub- 
jects of future reports. 
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Persistent and intractable attacks of vomiting and nausea in patients 
suffering from dystonia musculorum deformans led us to investigate the 
cause of this condition. Seventeen cases were studied, six from the 
hospital and eleven from the hospital records since 1922. Our observa- 
tions lead us to believe that many of the cases show evidence of involve- 
ment of the vegetative centers in the central nervous system. The 
question has arisen whether one may speak of dystonia of smooth muscle, 
as shown by the various symptoms, and in making this preliminary report 
we shall record the observations and venture a possible explanation. 


REPORT OF CASES 


Case 1—R. E., a woman, aged 23, was admitted to the hospital on Sept. 27, 


1921, with generalized involuntary movements; she gave a history of diplopia, 
drowsiness and fever in September, 1920. Before admission, there were several 
episodes of retention of urine requiring catheterization, and dysmenorrhea of 
increasing intensity since the onset of the illness. The neurologic picture led to 
a diagnosis of dystonia musculorum deformans on an encephalitic basis. 

Course.—Since admission to the hospital, there have been many prolonged 
attacks of nausea and vomiting which resisted all treatment. Medical and surgical 
examinations did not reveal any local organic disease. Constipation had been 
marked throughout the illness. For the preceding three years, there had been 
marked urinary retention without incontinence; catheterization had been necessary. 
On July 16, 1927, the patient again began to vomit, and was unable to retain either 
solid or liquid food. She became markedly dehydrated, lost weight, and began 
to show signs of starvation acidosis; in spite of this, however, the tongue was 
moist. Hypodermoclysis and intravenous feeding were resorted to. The patient 
was cooperative and did not resist therapeutic measures. Dr. I. J. Sands, the 
attending psychiatrist, definitely ruled out the possibility of a functional reaction. 
Medical and surgical consultants could not find any local organic cause for the 
persistent vomiting. 


* Submitted for publication, June, 1927. 
*From the Neurologic Service, Montefiore Hospital for Chronic Diseases 
New York. 
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After the first mouthful or two of barium, fluoroscopy showed an obstruction 
at the cardia. A series of antiperistaltic waves, involving the entire esophagus, 
was observed with regurgitation of the barium; some later entered the stomach. 
The marked contractions of the walls of the stomach throughout the examination 
caused a reflux of the barium into the esophagus. No irregularities were observed 
at the cardiac orifice. The obstruction to the flow of barium appeared to be due 
to muscle spasm. The entire stomach could not be outlined on account of the 
inability of the patient to retain sufficient fluid. The examination was made with 
the patient in the horizontal position because of her condition. 

At the time of this report the nausea and vomiting have decreased and the 
patient is beginning to take liquid food. 

Case 2.—A. B., a woman, aged 24, was admitted to the hospital on June 18, 
1927, with complaints of abnormal movements. She gave a history of influenza 
in 1918, gonorrheal and syphilitic infections, which were first diagnosed in August, 
1925, severe headaches and dizziness in December, 1925, and inconstant diplopia 
from July to December, 1926. The abnormal movements, which were first noted 
in the right arm and leg in August, 1925, gradually progressed until they involved 
ill the extremities, head and trunk. Odphorectomy, appendectomy and _ hernio- 
plasty were performed in November, 1926. Many episodes of nausea and vomiting 

ave occurred since the onset of the illness in 1925. Constipation has been marked 
luring this period. 

Physical Examination.—Examination revealed normal results except for 
hronic inflammatory disease of the pelvis. Neurologically, the patient presented 

curious combination of dystonic, parkinsonian and choreiform movements. 

lysmenorrhea had been marked since December, 1926. She complained of 
evere cramp-like pain in the suprapubic region during micturition. There was 
n inconstant pain in the upper left side of the abdomen. The extremities, 
articularly the upper, were cold and moist, with a subjective feeling of coldness. 

On fluoroscopy, the esophagus was normal. The stomach was of the fish- 

ook type and slightly ptosed, the lower border reaching 2 inches (5 cm.) below 
he crest of the ilium. A few minutes later, the walls of the stomach began to 

mtract with such violence that the barium was “shot” upward toward the 
cardia. The lower border was now above the brim of the pelvis. In the horizontal 
position, the stomach was hypertonic, most of the barium being held in the cardia. 
lhe rugae of the body were well outlined without the use of pressure. Fifteen 
ninutes later, the patient was again examined in a vertical position. The stomach 
vas hypertonic and the lower border was well above the crest of the ilium. The 
iolent contractions in the region of the antrum and in the lower part of the body 
with the barium being “hurled” up toward the cardia were again observed. These 
ontractions persisted throughout the entire examination. About one half hour 
after the meal approximately one-half the barium had left the stomach. The 
duodenal cap was normal. 


Case 3.—R. C., a woman, aged 24, was admitted to the hospital in January, 
1920, with the complaint of generalized involuntary movements following influenza 
in October, 1918. 

Physical Examination and Course-—On examination, the picture led to a diag- 
nosis of dystonia musculorum deformans on an encephalitic basis. Although there 
was a history of some painful menstruation before the onset of the present illness, 
dysmenorrhea has since been marked, requiring medication. In 1924, the patient 
first complained of nausea, vomiting and severe cramplike pains in the upper 
part of the abdomen. These attacks occurred frequently, often lasting for several 
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days. In 1925, for a period of six months, the nausea and vomiting were con- 
tinuous. No local organic cause could be found to account for this cycle of 
vomiting. In the summer, 1926, another such episode occurred, and this lasted 
for one month. Severe and inconstant attacks of epigastric pain, unassociated with 
vomiting and bearing no relation to food, have also been complained of. Obstinate 
constipation has been present throughout the illness. In 1923, over a period of six 
months, retention occurred and required daily catheterization. During 1924, there 
was only occasional urinary retention. Micturition has inconstantly been asso- 
ciated with sharp pains in the suprapubic region. For the past two and one half 
years, the retention has been accompanied by dribbling incontinence. Paroxysms 
of dyspnea have been noted during the period of hospitalization. These occurred 
once or twice a week, last from thirty to sixty seconds, and are characterized by 
choking sensations, with difficulty of inspiration. The pulse rate increases from 
the usual 76 to between 110 and 120. The hands, and to a lesser extent the feet, 
are moist and cold. No sialorrhea has been noted. 

luoroscopic examination showed the esophagus to be normal. Some of the 
barium was regurgitated following its entrance into the stomach. Later the 
stomach was well outlined, steer-horn in type and markedly hypertonic. Anti- 
peristalsis was present. At times the contractions were so marked as to give an 
hour-glass stomach. One half hour after the meal, very little barium had left 
the stomach. The duodenal cap was not visualized at any time. Concomitant 
with the contractions, the patient complained of a painful feeling of tightness in 
the epigastrium. The examination could only be made with the patient in the 
horizontal position. 


Comment.—This case was originally regarded and reported as prob- 
ably of psychogenic origin. In the light of our present studies, it is of 
especial interest to observe that the purely dystonic picture which may, 
in this case, be said to be of almost acute development, was preceded by 
an episode of acute intense abdominal distention. There was such intense 
abdominal pain and distention as to have justified the opinion of compe- 


tent medical observers that the condition was an inflammatory one 


demanding surgical intervention. The almost spontaneous subsidence of 
these symptoms with the development of the dyskinetic syndrome gives 
emphasis to the apparent relationship of the gastro-intestinal symptoms 
to the dyskinesia of somatic muscle. 


Cask 4.—P. F., a white woman, aged 24, was admitted to the hospital on 
Oct. 20, 1920, complaining of abnormal movements. At the age of 6, a deformity 
and abnormal movements of the left foot were first noted. This dyskinesia had 
been slowly progressive and had involved all the extremities, the head and trunk, 
and was accompanied by typical torsion spasm. There was no history of influenza 
or encephalitis. 

Examination and Course—The neurologic picture was typical of dystonia 
musculorum deformans and this diagnosis was made, the case being put into the 
degenerative’ group. For the past four years the patient has had inconstant 


1. The term degenerative, as applied to this group of cases, is retained in 
order to embrace a type of tissue change the exact etiologic character of which 
is not certain. It is well within the range of possibility that cases, due to so-called 
degenerative changes, may be based on an antecedent inflammatory reaction o* 
toxic influence on the neural elements. 


KAUFMAN ET AL—DYSTONIA MUSCULORUM DEFORMANS 827 


attacks of nausea and vomiting. In the last eight months these had become more 
severe and had been associated with marked migrainous attacks. Urinary, respi- 
ratory or vasomotor disturbances were not reported. 

The fluoroscopic examination showed antiperistaltic waves with some expulsion 
of the barium into the esophagus. The duodenal cap was not visualized. 


This case was reported by Frauenthal and Rosenheck * in 1920, and 
at that time mention was not made of any gastro-intestinal manifestations. 


Case 5.—J. L., aged 17, was admitted to Montefiore Hospital on Feb. 13, 1922. 
\ diagnosis of dystonia musculorum deformans on a degenerative basis was 
made. This patient gave no history of encephalitis. Nausea, vomiting, constipa- 
tion, urinary and vasomotor disturbances had always been absent. 


Fluoroscopic examination gave negative results. 


Case 6.—J. S., a man, aged 20, was admitted to the hospital in March, 1924. 
This was a typical case of dystonia musculorum deformans of degenerative 
etiology. There had been no evidence of involvement of the vegetative nervous 
system in this case. 


Fluoroscopic examination gave negative results. 
The following cases were studied from the hospital records: 


Case 7.—M. R., a woman, aged 27, was admitted to the Montefiore Hospital 
r the first time on Aug. 18, 1922, and readmitted several times thereafter. Three 
lays before the first admission, she complained of diarrhea, anorexia and head- 
che; these were accompanied by abnormal muscular movements. Physically she 
as normal. Neurologic examination showed fine fibrillary twitchings of all 
nuscles, main d’accoucheur, and an equinovarus position of the feet. There were 
pisodes of respiratory difficulty—attacks of slow, sighing respiration. There was 
history of generalized convulsions. The case was at first thought to be one of 
tany due to gastro-intestinal upset. Later, developments such as masked facies 
nd slow and monotonous speech pointed to the true nature of the disease. The 
iagnosis of dystonia musculorum deformans on an encephalitic basis was made. 
hroughout the period of hospitalization the patient was markedly constipated. 
series of roentgenograms of the stomach and intestine reported by Dr. J. L. 
.antor, showed a spastic colon with marked stasis. Nausea followed by vomiting 


several occasions was a persistent symptom. 


Case 8.—Je. S.,a woman, aged 17, was admitted to the hospital on May 3, 1922, 
mplaining of abnormal movements, nausea and vomiting. There was a history 

f encephalitis in 1920, with delirium and diplopia in 1921. Early in 1922, the 
patient had retention of urine. Physically, she was normal. Neurologically, she 
showed abnormal movements, torsion spasm and a hemiplegic gait. A diagnosis 
f dystonia musculorum deformans on an encephalitic basis was made. During 
the period of hospitalization, there were many protracted periods of nausea and 
vomiting. At times these were continuous for as long as six weeks. Marked 
constipation and pain in the abdomen, in no way associated with food, were present. 
The urinary disturbances consisted of retention with overflow; the patient was 
inable to void voluntarily and had to be catheterized. Dysmenorrhea was present 
2. Frauenthal, H. W., and Rosenheck, C.: Dystonia Musculorum Deformans 
with Report of a Case, J. Nerv. & Ment. Dis. 52:134 (Aug.) 1920. 
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throughout the illness. There was no record of vasomotor disturbances. Emo- 
tionally, she was restless and uncontrollable, with paroxysmal attacks of crying. 

A roentgenologic study was not made in this case. 

Case 9.—L. R., a girl, aged 13, was admitted to the hospital on April 8, 1922, 
complaining of abnormal movements occurring for six weeks before admission. 
The patient gave a history of fever, not accompanied by diplopia, in 1920. The 
diagnosis at Montefiore Hospital was dystonia musculorum deformans of doubtful 
etiology. The patient was emotionally unstable. In September, 1924, she showed 
incontinence and dribbling of urine which was associated with a vulvitis. She 
was markedly constipated, but otherwise normal. 

Case 10.—L. P., a woman, aged 19, was first admitted to the hospital in 
March, 1920, and readmitted in October, 1923. The neurologic picture led to a 
diagnosis of dystonia musculorum deformans on a degenerative basis. There was 
no history of encephalitis. Gastro-intestinal, urinary or respiratory disturbances 
were not recorded. 

CASE .—B. M., a boy, aged 15, was admitted to Montefiore Hospital Nov. 1, 
1921, at which time a diagnosis of dystonia musculorum deformans was made. 


There was no history of encephalitis. There were no symptoms referable to the 


vegetative nervous system. 

Case 12.—R. M., a girl, aged 16, entered the hospital on Jan. 14, 1920, compiain- 
ing of abnormal movements which began at the age of 6 months. There was no 
history of encephalitis. The condition was diagnosed as dystonia musculorum 
deformans of degenerative type. In the hospital, there were no complaints point- 
ing to imbalance of the vegetative nervous system. 

Case 13.—E. S., a man, aged 20, was admitted to the hospital on June 12, 1925, 
complaining of tremor of the right hand and of dysphagia since the age of 12. 
Following influenza, in 1918, there was dragging of the left leg and paresis of 
the right hand. For a few days before admission, there was difficulty in urination 
On one occasion there had been an attack of nausea and vomiting, lasting for one 
day. A diagnosis of dystonia musculorum deformans was made; it was thought 
to be of encephalitic etiology, but this was not definite. 

Case 14.—P. T., a boy, aged 17, was admitted to the neurologic service of the 
hospital, Jan. 21, 1919. The neurologic picture was that of dystonia musculorum 
deformans. There was no history of encephalitis. Nausea, vomiting or other 
disturbance pointing to involvement of the vegetative nervous system had not 
occurred. 

Case 15.—M. F., a woman, aged 19, was admitted to the hospital on July 24, 
1923, complaining of shaking of the entire left side of the body and head tremor. 
A diagnosis was made of typical dystonia musculorum deformans of doubtful 
etiology. There were repeated attacks of nausea and vomiting accompanied by 
pain in the left side of the abdomen. 

Case 16.—J. O., a man, aged 20, was admitted to the neurologic service of the 
hospital on Jan. 25, 1923, complaining of involuntary movements since the age of 
11. A diagnosis of dystonia musculorum deformans of degenerative type was 
made. There was no history of disorders of the vegetative nervous system. 

Case 17.—R. Y., a woman, aged 26, was admitted to the hospital in August, 
1921: she also had three subsequent readmissions. There were complaints on 
admission of inconstant abdominal pain, occasional nausea, marked constipation, 
headache, dizziness and abnormal movements. The mother said that she had 
observed these abnormal movements when the patient was only 12 years of age. 
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The movements were of both the upper limbs and especially accompanied the 
noticeable stuttering of the patient. The exact nature of the movement is difficult 
gather from the indefinite history given by the parents. There was a vague history 
of influenza in 1919. Since 1920, the dyskinesia involving the upper and lower 
limbs and the head had become marked. Physically, there was marked enlarge- 
ment of the thyroid gland and a dysglandular constitution. The neurologic status 
led to a diagnosis of dystonia musculorum of doubtful etiology. 

Many episodes of nausea, vomiting and abdominal pain were recorded during 
the time the patient was in the hospital. In an interval of two years at home she 
had almost constant nausea, vomiting and sharp or colicky pains in the upper part 
of the abdomen. There were various other gastro-intestinal symptoms such as 
eructations, pyrosis and a heavy feeling in the epigastrium. For two years, there 
was also sharp pain in the suprapubic region during micturition. There was no 
other evidence of disease of the urinary tract. For years there had been notable 
vasomotor lability, especially in the limbs. 

The patient has recently been readmitted and, in addition to the abnormal 
movements, still complains of nausea, occasional vomiting, abdominal pain and 
suprapubic pain during micturition. 


TABLE 1.—Frequency of Vegetative Symptoms in Cases Studied 


Etiology 


Symptoms of the Vegetative - - 
Nervous System No. of Cases Encephalitic Doubtful Degenerative 
6 5 l 0 
Pain in the abdomen....... 4 2 0 
Respiratory 3 3 0 0 
Vasomotor ..... 4 3 l 0 
Dysmenorrhea 4 4 0 0 


COMMENT 


Seventeen cases were studied of which five were of encephalitic 
etiology, four of doubtful (possible encephalitic) etiology and eight of 
the degenerative type. 

Analyzing the cases reported one is struck by the constancy of cer- 
tain symptoms. From table 2 one notes that in every case of encephalitic 
or probable encephalitic origin, a symptom complex that points to disease 
of the vegetative nervous system is present. The seven cases that do 
not show any of these symptoms are of the so-called degenerative or 
idiopathic variety. The one patient with degenerative dystonia (case 4) 
who showed nausea and vomiting had been suffering from migrainous b 
headaches for the preceding eight months; the gastro-intestinal phe- ci 
nomena, however, had been present for three or four years. In this f 
connection, it is interesting to note the observations of Blitzsten and ¥ 
Brams * who stated that these symptoms may he abdominal equivalents S 
of migraine and may replace the actual headaches. 


3. Blitzsten, N. L., and Brams, W. A.: Migraine with Abdominal Equiv- 
alents, J. A. M. A. 86:675 (March 6) 1926. 
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The pathologic changes of dystonia musculorum deformans may 
possibly aid in an explanation of these manifestations. The few cases 
reported show diffuse cerebral degenerative changes, with more marked 
lesions in the corpus striatum. Wimmer ‘ reported lesions in the caudate 


and lenticular nuclei, in the dentate nucleus of the cerebellum, in the 


thalamus and in the pons and cerebral cortex. Lotmar,’ in a review of 
the literature, cited the case of Cassirer® which also showed diffuse 
lesions, especially marked in the corpus striatum. He also mentioned the 
only case of postencephalitic dyskinesia of the dystonic type, which was 
studied anatomically by Westphal and Vogt. The encephalitic process 
involved mainly the corpus striatum. From the greater complexity of 
the clinical picture of the postencephalitic dystoma, it is likely that the 
process is more diffuse than in the degenerative disease. The absence 
of evidence of vegetative imbalance in our series of degenerative cases 
agrees with Keschner’s observation.’ In his review of the literature in 
1918, he did not report any evidence of involvement of the vegetative 
nervous system, his cases presumably being of the degenerative type. 


TasLe 2.—Distribution of Symptoms According to Etiology 


Etiology 
No. of Cases Encephulitie Doubtful Degenerative 
Cases with symptoms of the 
vegetative nervous systen 10 f 1 
Negative cases .. 7 7 


Schoenemann * emphasized the frequency and character of autonomic 
changes in encephalitis and ascribed them to central lesions in the region 
of the basal ganglia. Solowjewa and Stschedrakov,° basing their con- 
clusions on pharmacologic observations, pointed out striking changes in 
what they call vegetative tonus in chronic encephalitis. In their opinion, 
these disorders are due to morphologic changes in the corpus striatum. 
The tuber cinereum, the floor of the third ventricle and the hypo- 
thalamic region, supposedly vegetative centers, being close to the mid- 


4. Wimmer, A.: Etude sur les syndromes extra-pyramidaux: Spasme de 
torsion progressif infantile (syndrome du corps strié), Rev. neurol. 37:952, 1921. 

5. Lotmar, F.: Die Stammganglion und die extrapyramidalmotorischen Syn- 
drome, Monographie a. d. ges. Geb. der Neurol. u. Psychiat. 48:21, 1926. 

6. Cassirer, R.: Halsmuskelkrampf und Torsionsspasmus,, Klin. Wehnschr. 
1:53, 1922. 

7. Keschner, Moses: Dystonia Musculorum Deformans: Report of a Case 
and a Review of the Literature, J. Nerv. & Ment. Dis. 47:103 (Feb.) 1918. 

8. Schoenemann, H.: Funktionspriifungen innerer Organe bei Folgezustanden 
nach Encephalitis epidemica, Ztschr. f. d. ges. Neurol. u. Psychiat. 105:175, 1926. 

9. Solowjewa, S., and Stschedrakov: Untersuchungen iiber den vegetativen 
Tonus des chronischen Encephalitiker, Ztschr. f. d. ges. Neurol. u. Psychiat. 106: 
150, 1926. 
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brain and basal ganglia, are favorite sites for encephalitis. Their 
involvement usually leads to sialorrhea, seborrheic facies, vasomotor 
instability and diabetes insipidus. These are the vegetative sequelae 
most often reported after encephalitis. In our series of cases, other 
vegetative phenomena were observed; they consisted, in the main, in 
disturbed function of the smooth musculature. Hess, Leo and 
Faltitschek *° reported changes in the motility of the stomach in parkin- 
sonism of encephalitic etiology. They term this neurogenic cerebral 
hypermotility in contradistinction to tonus changes due to local gastric 
and abdominal conditions. 

Mauclaire ** reported a case of epidemic encephalitis with persistent 
abdominal diaphragmatic contractions at the onset and marked consti- 
pation that almost led to surgical intervention. On the sixth day the 
spasms disappeared. 

Cohn ** reported several cases of urinary retention in encephalitis 
which he attributed to probable involvement of the spinal cord. 
Wechsler,’* however, points out the’fact that urinary retention is a com- 
mon symptom in acute encephalitis without other signs of involvement of 
the spinal cord. 

The conception of higher centers for bladder control was formulated 
by von Czyhlarz and Marburg ** as early as 1900; they referred to 
localizations of the cortex and corpus striatum. In 1903, Friedmann,’® 
added a case of his own to confirm their observations. In 1923, Wilson ** 
liscussed cortical centers for bladder control m reporting two cases of 
paraplegia of cortical origin with urinary incontinence. 

Experimental corroboration of these anatomicoclinical studies was 
obtained by Lichtenstern ** in 1912. Electrical stimulation of the hypo- 


10. Hess, Leo, and Faltitschek: Klin. Wcehnschr. 6:699 (April 9) 1927. 

11. Mauclaire, P.: Symptomes d’occlusion intestinale chez une malade atteinte 
l’encéphalopathie léthargique avec contraction abdominale diaphragmatique trés 
répétées, abstr., Zentralbl. f. d. ges. Neurol. u. Psychiat. 25:314, 1921. 

12. Cohn, Tobey: Encephalitis ohne Lethargie wahrend der Grippeepidemie, 
Neurol. Centralbl. 39:260 (April 16) 1920. 

13. Wechsler, I. S.: Personal communication to the authors. 

14. Von Czyhlarz, Ernst, and Marburg, O.: Ueber cerebrale Blasenstorungen, 
ibstr., Jahresb. ii. d. Leistungen u. Fortschr. a. d. Geb. d. Neurol. u. Psychiat. 4:274, 
1900. 

15. Friedmann, M.: Zur Kenntniss der zerebralen Blasenstérungen und 
namentlich des Rinderzentrums fiir die Innervation der Harnblase, Miinchen. 
med. Wehnschr. 50:1591 (Sept. 15) 1903. 

16. Wilson, George: Paraplegia of Cortical Origin with a Discussion of the 
Cortical Centers for Rectum, Bladder and Sexual Functions, Arch. Neurol. & 
Psychiat. 10:669 (Dec.) 1923. 

17. Lichtenstern, R.: Ueber die zentrale Blaseninnervation; ein Beitrag zur 
Physiologie des Zwischenhirns, Wien. klin. Wchnschr. 25:1248, 1912. 
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thalamic region caused contraction of the bladder. More recently 
Greving,’* in a general survey of the problem of the function and 
anatomy of the midbrain, came to the conclusion that there was a definite 
center for bladder control in the corpus subthalamicus and ventured the 
hypothesis that in this region also there were centers for regulation of 


muscle tonus of the gastro-intestinal tract, the uterus and the vagina. 


Holman,’® in a recent review of the literature, discusses the experi- 


mental and clinical evidence for a bladder center in the corpus sub- 
thalamicus. In his own eight cases of cerebellar tumor, he reports 
disturbances in micturition due to pressure on these centers. Elsberg,*° 
in a study of urinary disturbances in cerebral neoplasms, concluded that 
these are more frequent with subcortical than with cortical growths. 

The constant concomitance of smooth muscle tone dysfunction and 
dystonia in our cases adds more evidence to the cerebral control of these 
vegetative functions. The evident rarity of gastro-intestinal and urinary 
sequelae of the nature observed in our cases in chronic encephalitis with- 
out dystonia and their remarkable frequency in dystonia of encephalitic 
origin points to some relation between the mechanisms controlling the 
tone of striated and smooth muscle. In two of our cases (cases 2 and 3) 
fluoroscopic examination showed a definite, rapid alternation in tonus of 
the gastric musculature. Since tonus variability of striated muscle is 
one of the prominent features of amyostatic dystonia (Wechsler and 
Brock **), it is interesting that in these cases an analogous phenomenon 
is also observed in smooth muscle—possibly a dystonia of smooth muscle. 

The almost constant presence of vegetative disorders in the 
encephalitic type of dystonia musculorum deformans may perhaps be of 
value as a diagnostic criterion between the two forms. In the Ziehen- 
Oppenheim degenerative disease, these disturbances have not been 
reported. The probable explanation for the rarity of mention of these 
symptoms in encephalitic cases is that they were often thought to be 
functional in nature; all inexplicable clinical signs and symptoms were 
readily ascribed to psychogenetic causes and were either discounted or 
disregarded. 


18. Greving, R.: Beitrage zur Anatomie des Zwischenhirns und seine Funk- 
tion, IV, Ztschr. f. d. ges. Neurol. u. Psychiat. 99:231, 1925. 

19. Holman, E.: Difficult Urination Associated with Intracranial Tumors of 
the Posterior Fossa, Arch. Neurol. & Psychiat. 5:371 (March) 1926. 

20. Elsberg, C. A.: Bladder Disturbances in Newgrowths of the Brain, Ann. 
Surg. 84:509 (Oct.) 1926. 

21. Wechsler, I. S., and Brock, S.: Dystonia Musculorum Deformans with 
Especial Reference to the Myostatic Form and the Occurrence of Decerebrate 
Rigidity Phenomena, Arch. Neurol. & Psychiat. 8:538 (Nov.) 1922. 
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SUM MARY 


1. Seventeen cases of dystonia musculorum deformans were studied ; 
five were definitely encephalitic; four were of doubtful encephalitic 
etiology ; eight were of degenerative type. 

2. Symptoms of smooth muscle dysfunction were present in ten cases, 
of which five were encephalitic, four were of doubtful encephalitic and 
one was of degenerative origin. The gastro-intestinal symptoms in the 
last case may be explained by the presence of migraine. These symp- 
toms were absent in the degenerative type of the disease. 
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THE MEASUREMENT OF CEREBRAL AND 
CEREBELLAR SURFACES 
THE DETERMINATION OF THE SHRINKAGE OF THE SURFACE 
OF DIFFERENT VERTEBRATE BRAINS* 


ARTHUR WEIL, M.D 


NEW YORK 


In a paper on the calculation of the surface of the human brain, 
written in collaboration with Kraus and Davison,’ it was stated that 
the weight and volume of the brain undergo a considerable diminution 
or shrinkage during the successive stages of dehydration and embedding. 


While the loss in weight and volume may be directly determined, an 


exact method could not be found by which the loss of cortical surface 
may be calculated. 

In order to obtain an approximate estimation of this factor, the fol- 
lowing formula was applied: The human cerebrum as a whole resembles 
a globe, and its visible surface may be identified with that of a globe. 
The surface (S), which is not known may be calculated from the volume 
as follows: 


The amount of shrinkage is found by deducting the value for the 
surface of the brain, after it has passed through the alcohol-ether, from 
the value of the surface of the fresh brain. 

Formula 6 may be applied to the brains of other vertebrates. The 
more the brain to be measured resembles a globe, the more will the 
value secured from the application of the formula approach the absolute 

* Submitted for publication, March 1, 1928. 

* From the Neuropathology Laboratory, Montefiore Hospital, New York. 

* This work was carried out under the auspices of the Hilda Stich Stroock 
Fellowship. 


1. Kraus, W. M.; Davison, C., and Weil, A.: Measurement of Cerebral and 
Cerebellar Surfaces: III. Problems Encountered in Measuring the Cerebral 
Cortical Surface in Man, Arch. Neurol. & Psychiat. 19:454 (March) 1928. 
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value of the surface. In the less globular brains of lower forms, the ; 
difference between the calculated value and the real value will be larger, : 
but it may be accepted for comparative purposes as a practical working 
basis. 

The table gives the value for actual volume and weight and for the 
surface calculated with the help of formula 6 and volume. 


Data Obtained with Formula 6 and Volume 


Loss 


Original Final Percentage 


Wt. Volume Surface 


Wt. Volume Surface Vol- Sur- 
Number Gm. Ce. Sq.Cm. Gm. Ce. Sq.Cm. Wt. ume face 
1 Mustelus Caninus ....... $.8 4.6 13.4 2.65 3.5 11.2 45 23 16 
(Dog Shark) 
2 Haemulon Album . 1.37 1.20 5.47 0.48 0.60 3.44 65 DO 37 gq 
(White Margate) 
3 Chelone Midas..... 1.17 1.10 5.16 0.53 0.70 3.82 55 36 25 - | 
(Turtle) 
4 Varanus Salvator .. 1.20 1.2 5.47 0.72 0.90 4.51 40) 25 18 : 
5 Sula Bassana ..... 17.8 19.0 34.4 8.4 9.5 21.7 53 nO 37 ' 
(Gannet) 
6 Peleanus Brunus .... 24.0 40.3 11.2 12.2 25.6 51 49 7 
(Brown Pelican) 
7 Didelphys Virginiana . 6.80 6.9 17.5 3.8 4.5 13.2 44 5 25 ’ 
(Opossum) 
Ovis .......... 106.5 105.0 108.0 53.8 55.0 70.0 9 48 3% 
(Sheep) 
9 Cavia Cobaya .......... 3.70 3.5 11.2 1.58 1.80 7.2 57 48 36 


(Guinea-pig) 
10 Cebus Americanus Meridi- 


3.3 75.4 


40.0 


lla. Human embryo, 4 mos... 50.5 50.0 65.7 14.6 15.7 30.3 71 69 53 
llb. New-born chiid .......... 295.0 292.0 213.0 128.0 150.0 137.0 57 49 36 
1470.0 1456.0 622.0 1070.0 1275.0 569.0 28 12 9 


In determining the loss of surface, the concentration of the fluids 
used, the time of dehydration and the temperature should be the same 
for all the brains under examination.’ 


The losses of weight, volume and surface are directly dependent on 
the chemical constitution of the different brains, i. e., the amount of 
water and substances soluble in the different fluids applied during the 
process of embedding. The values for the brain of the human embryo, af 
of the new-born child and of the adult human give an illustration of 
this change in chemical make-up during ontogenesis and show a progres- 
sive increase in solid elements. 
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Clinical Notes 


CORNEAL AND SCLERAL ANESTHESIA OF THE LOWER HALF 
OF THE EYE IN A CASE OF TRAUMA OF THE SUPERIOR 
MAXILLARY NERVE * 


ALPHONSE R. VONDERAHE, M.D., CINCINNATI 


Instructor in Neuro-Anatomy, University of Cincinnati 


The nerves of the sclera, according to Piersol,’ are derived from the ciliary 
nerves, which in turn are derived from the ophthalmic division of the trigeminal 
nerve. The nerves to the cornea are given as the long and short ciliary nerves. 
Cunningham,’ Morris* and Gray* apparently agree that the nerve supply to the 
cornea and sclera is through the long and short ciliary nerves, and hence from the 
ophthalmic division of the trigeminal. In the case herein reported, evidence is 
brought forward to indicate that a great portion, if not all, of the sensory fibers 
to the lower half of the cornea and sclera are supplied through the siperior 
maxillary division of the fifth nerve. 


REPORT OF CASE 


y.—A man, aged 34, employed in a factory, suffered an injury in which 
the right arm became caught in a moving belt, so that the body was thrown for- 


ward and the left side of the face was hurled against a portion of the machine. 
Roentgenograms taken a few days after the injury showed a comminuted fracture 
of the malar bone. 

The patient was seen six weeks after the accident. At this time, he complained 
of not seeing properly with the left eye, of double vision and of the blurring ot 
objects when both eyes were used. He also noticed that he could place his finger 
over the lower half of the eyeball without feeling the least discomfort, whereas 
if the finger was placed anywhere on the upper part of the eyeball, a feeling of 
intense irritation resulted. The patient also complained of a “dead feeling” on the 
left side of the face from the middle of the upper lip, extending upward and 
involving the entire lower lid. He also noticed that his teeth seemed to slip over 
to the right when he was chewing. There were no disturbances in taste, smell 
or hearing. He could speak and swallow without difficulty ; however, there seemed 
to be an increase in saliva on the left side. 


Examination.—General physical examination did not reveal any abnormalities. 
The Wassermann reaction of the blood was negative. Urinalysis gave normal 
results. 

* Submitted for publication, March 23, 1928. 

*From the Department of Anatomy and the Department of Neurology, Uni- 
versity of Cincinnati. 

1. Piersol, George A.: Human Anatomy, ed. 5, Philadelphia, J. B. Lippincott 
Company, 1916, p. 1450. 

2. Cunningham: Text-Book of Anatomy, ed. 5, New York, William Wood & 
Company, 1923, p. 803. 

3. Morris: Human Anatomy, ed. 8, Philadelphia, P. Blakiston’s Son & Com- 
pany, 1925, p. 1099. 

4. Gray, Henry: Anatomy of the Human Body, ed. 21, Philadelphia, Lca & 
Febiger, 1924, pp. 1013, 1016. 
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Neurologic Examination.—There was a definite internal strabismus of the left 
eye. Diplopia was noted in all fields. The pupillary reflexes were normal. 
Nystagmus was not present. Ophthalmoscopic examination gave normal results. 
The jaw deviated to the right. The contraction of the left masseter muscle was 
weakened. There was a corneal anesthesia confined to the lower. half of the 
cornea; there was also a scleral anesthesia confined to the lower half of the sclera. 
In this area of anesthesia, there was marked dilatation of the scleral vessels, which 
stopped abruptly at a line projected horizontally through the center of the pupil. 
Abnormalities were not noted in any of the functions of the remaining cranial 
nerves. There was a general increase in muscle tone. The deep and superficial 
reflexes were moderately hyperactive. There were no pathologic reflexes and no 
disturbances in gait or coordination. Sensation for pain, light touch and vibration 
sense, with the exception of the area noted, was normal throughout the body. 
There were no vasomotor or trophic changes. 


Comment.—The positive observations in this case point to a traumatic lesion 
involving the abducens nerve and the motor branch of the trigeminal, together with 
the superior maxillary branch of the trigeminal. It is of special interest to note 
that the abducens nerve courses beneath the motor branch of the trigeminal prior 
to its exit from the skull, and it is most probable that the lesion occurred in this 
locality. The unusual distribution of thes anesthesia in the lower portion of the 
eye suggests that sensory filaments derived from the nerve fibers from the superior 
maxillary division in the conjunctiva are reflected over the eyeball from the con- 
junctival-scleral margin. It would appear that this is the only way in which 
such a sharply defined anesthesia in the lower portion of the eye could be obtained. 


SYRINGOMYELIC SYNDROME ASSOCIATED WITH 
HEREDITARY CEREBROSPINAL SYPHILIS 


Report of a Case * 


H. 


PAUL GaRvEy, M.D., ANN ARBOR, MICH. 


The association of syringomyelia and cerebrospinal syphilis is of rather rare 
ccurrence, but nevertheless of extreme interest. In a case of syringobulbia in 

boy whose father was syphilitic, Oppenheim’ observed astonishing improvement 
n the condition following energetic treatment with iodides. In most instances, 
iowever, the syphilis has been of the acquired type, thus making it difficult to 
determine whether the two conditions were independent of each other or genetically 
related. The case reported here is unique in that syphilis was present from the 
time of conception, and improvement was prompt following antisyphilitic therapy. 


REPORT 


OF CASE 

E. T., a man, aged 21, single, a laborer, was first admitted to the Department 
of Neurology of the University Hospital in November, 1925, complaining chiefly 
of difficulty in walking, numbness of the right arm and pruritus of the right leg. 
lhe family history was negative for nervous and mental disease. The father died 


* Submitted for publication, Feb. 8, 1928. 
* From the Department of Neurology, University of Michigan Medical School. 


1. Oppenheim: Lehrbuch der Nervenkrankheiten, Berlin, S. Karger, 1923. 
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suddenly from heart disease at the age of 40. Both mother and father were said 
to have received intravenous treatments for a “blood disease.” The patient's 
past history was unimportant, except for two illnesses. When 10 years of age, 


he was blind in both eyes, except for light perception, for a period of five weeks. 
The visual disturbance was accompanied by marked photophobia. When 15 years 
of age, he suffered from headache, vomiting and general weakness, which subsided 
after intravenous therapy. The present illness began three years before entrance 
into the hospital, when the patient was 18 years of age. He first noticed “sleepy 


sensations” in the right arm. A short time later, he noticed that burns and 
minor injuries to this extremity were painless. A year after the onset, he lost the 
grasp with the right hand for a period of several weeks. The difficulty in walking 
first appeared three months before entrance into the hospital. 


Figure 1 Figure 
Fig. 1—Anterior view showing area of thermanesthesia and analgesia. 


Fig. 2—Posterior view showing area of thermanesthesia and analgesia. 


Examination.—The patient was fairly well nourished and not acutely ill. There 
were some stigmas of deviation. He was mentally clear, but somewhat retarded. 
There was exophthalmos of 3 mm. on the right. The pupils were unequal, the 
right being larger; they were irregular in outline and reacted poorly to light but 
promptly in accommodation. Both corneas were hazy. The corneal changes were 
regarded by the ophthalmologist as remnants of an old interstitial keratitis. The 
ocular fundi were normal, except for myopic choroidal changes. The extra-ocular 
movements were normal, except for slight bilateral weakness of the sixth nerve. 
Hearing tests gave normal results. The face was asymmetric, the left side appear- 
ing fuller. The right masseter muscle was weaker than the left, and the jaw 
deviated toward the right on opening. There was no paralysis of the face, tongue 
or soft palate. The hard palate was highly arched. The teeth were not of the 
Hutchinson type. The posterior cervical glands were enlarged, discrete and not 


j 
] SSS 
SSS 
SSS 
| Shag = | 
u/¥ 
le | 
| 
| 


GARVEY—SYRINGOMYELIC SYNDROME 


painful. The chest presented a marked deformity, the result of scoliosis of the 


dorsal spine. The left arm and forearm were about an inch smaller in circumfer- 
ence than the right arm and forearm. The terminal phalanges of the right hand 
presented a flexion contracture. The biceps and triceps reflexes on the left were 
increased and on the right were absent. Scattered over the right arm and fore- 
arm were numerous painless inflammatory lesions and over the right hand painless 
whitlows. Both hands were a dusky red, the discoloration being more marked on 
the right hand. The umbilical reflex was present on the left, but absent on the 
right side. The right knee jerk was absent; the left was obtained on reinforce- 
ment. Both achilles reflexes were absent. Deep sensibility was impaired in the 
right lower extremity. Sense of motion and position of the toes was retained in 
both feet. There was a positive Romberg sign. The response to plantar irritation 
was flexion on both sides. The patient walked with a spinal ataxic type of gait. 
Sensory examinations revealed lost pain and temperature sensation over the right 
side of the neck, trunk and right upper extremity. Tactile sensation was not 
impaired over this area; the sensory changes are illustrated in figures 1 and 2. 

Examination of the spine disclosed a rotorolateral scoliosis in the dorsal region; 
roentgenographic studies of the spine confirmed this observation. Examination 
{ the heart, lungs and abdominal viscera did not reveal any abnormalities. He 
had a generalized shotty lymphadenitis. , 

The laboratory observations were: urine, normal; Wassermann reaction of 
the blood, two plus. The blood count revealed: hemoglobin, 75 per cent; 


red 
ells, 5,050,000; white cells, 9,250. Spinal fluid: clear, colorless, 


seven cells, slight 
ncrease in solids, Wassermann reaction two plus, colloidal gold curve 0012100000, 
ind mastic curve 22110. 

Treatment.—The patient received four courses of antisyphilitic treatment. Each 
urse consisted of a series of intramuscular injections of metallic bismuth, with 
otassium iodide by mouth. During the intervals between courses, the patient 
vas given a series of mercury rubs. 

Further Observations.—Shortly after he had completed the first course of treat- 
ment, he was able to return to work, which consisted of shoveling gravel and 
andling concrete. Prompt and progressive subjective improvement followed the 
ntisyphilitic treatment. The neurologic examination on Sept. 26, 1927, however, 
id not show any striking change, except that the hands had regained their normal 
lor and the gait was almost normal. Examination of the spinal fluid gave 
rmal results in all respects with the exception of a one plus Wassermann 
eaction. The Wassermann reaction of the blood at this time was four plus. 


COMMENT 


The neurologic signs point toward a centrally lying lesion of the spinal cord 
ith extension of the process into the posterior columns and anterior horns. 
Highly important in the diagnosis of a syringomyelic syndrome are the sensory 
ianges which consist of thermanesthesia and analgesia, with retention of tactile 
ensibility. The patient also presented a marked scoliosis, vasomotor changes in 
the hands and arthropathy involving the small joints of the right hand. 

The diagnosis of hereditary cerebrospinal syphilis was established on both 
clinical and serologic evidence. The clinical signs, in addition to changes noted 

the neurologic examination, compatible with syphilis of the central nervous 
system consisted of an old interstitial keratitis, high arched palate and generalized 
lymphadenitis. The Wassermann tests on both the blood and the spinal fluid 
were positive. 
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In the production of syringomyelia, a congenital anomaly of development is 
generally regarded as necessary. It has been noted that the toxic effect of 
Spirochaeta pallida has a predilection for embryonal anlages from which ectodermal 
structures develop. The abnormal development often manifests itself in the osseous 
system and in the teeth, resulting in the characteristic facies of hereditary syphilis 
and in dental anomalies, such as the Hutchinson teeth. Likewise with the central 
nervous system, also of ectodermal origin, developmental anomalies arise which 
are the result of syphilitic infection. 

In this case, it seems justifiable to ascribe the syringomyelic syndrome to 
hereditary cerebrospinal syphilis. In addition to a developmental anomaly, an 
active syphilitic inflammation involving the spinal cord and also the bulb at the 
time of the onset of symptoms seems probable. Whether the lesion of the cord 
is due to a diffuse centrally lying syphiloma or the result of syphilitic vascular 


disease, it is impossible to say from the clinical observations alone. The history 


eliminates trauma as a possible etiologic factor in the development of the disease. 
The best proof of precision in the consideration of cause and effect is the prompt 
improvement of a patient following treatment for the causative agent. 


CONCLUSIONS 


1. Hereditary syphilis may be the cause of a syringomyelic syndrome. 


2. Improvement is likely to follow antisyphilitic therapy. 


Abstracts from Current Literature 


A CONTRIBUTION TO THE PATHOLOGY OF MULTIPLE AND Dirruse ENDOTHELIOMAS 


OF THE BRAIN CoveRINGS. JuLtus Casper, Deutsche Ztschr. f. Nervenh. 
96:85 (Feb.) 1927. 


The generally accepted conception that endotheliomas are of dural origin 
was questioned twenty-five years ago by M. B. Schmidt. Many other investi- 
gators have also come to the conclusion that there are a variety of tumors 
which do not have dural endothelium as a matrix, and that many show only 
a proliferation of the endothelial covering of the pacchionian granulations. 
Recently, Mallory went so far as to deny that the dura possesses an endothelial 
layer. Careful investigations by Kolmer have established that when the 
material is treated by special fixing methods it is possible at times to observe 
several layers of endothelial cells lining the dura. Riel is of the opinion 
that some endotheliomas have their origin in the dural endothelium, while 
others develop by proliferation of the endothelial covering of the pacchionian 
granulations. 

Casper reports three cases of multiple diffuse endotheliomas. 


Case 1.—The patient was an elderfy woman who had had a stroke four 
years before the onset of the illness for which she came. It was followed 
by a complete left hemiplegia from which she quickly recovered. The present 
illness began with generalized pain. On physical examination Casper found 
delayed pupillary reaction to light and in convergence. Motor or sensory 
listurbances were not present. Mentally, the patient was confused, disoriented, 
at times excitable, often dull, and her memory was poor. She was still able 
at that time to figure well. The patient was unclean in habits. The Wasser- 
mann reaction with the blood and the spinal fluid was 3+; Pandy test, 2+; 
Nonne-Apelt test, 2+; the fluid contained 105 cells. The mastic curve was 
hat of general paralysis. A diagnosis of general paralysis was made, and the 
patient was given treatment with malaria. It was not followed by any change 
n the mental condition. The Wassermann reaction in the blood and spinal 
luid remained the same; the reactions to the Nonne-Apelt and Pandy tests 
were positive, and the cells numbered 2. The symptoms gradually increased, 
ind the mental condition became worse; she no longer knew her surroundings. 
She developed convulsions of the left side; both arms were contracted at the 
elbow; the convulsions also appeared at times in the right arm. The epileptic 
attacks lasted thirty minutes at times, during which the head and eyes were 
turned to the left side. There was no change in the laboratory observations. 
Death occurred during one of the attacks. 

The diagnosis in this case was general paralysis, although from the clinical 
symptoms other conditions might have been considered. A positive Wasser- 
mann reaction in the spinal fluid may be found at times in cases of tumor of 
the brain, even when syphilis is out of the question. Nonne reported six cases 
of tumor cerebri in which the patient’s Wassermann reaction in the spinal 
fluid was positive and in which no syphilitic infection could be demonstrated. 
Casper himself observed a case of cord compression in which the Wassermann 
reaction of the spinal fluid was 3+; two days later the reaction to the spinal 
fluid test was negative. A tubercle was found post mortem, at the eighth dorsal 
level with no indication of a syphilitic infection. 

In the case reported a tumor was found in the left frontal lobe. The base, 
about the size of half a dollar, was attached to the dura. The tumor mass 
pressed into the brain. It had a capsule and was easily shelled out. An 
area of softening was also found in the left pallidum. The blood vessels at 
the base of the brain, as well as the ependyma, were normal. On microscopic 
examination it was found that the tumor growth had extended into the dura 
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by a number of offshoots of connective tissue. Small groups of cells which 
much resembled the cellular structure of the tumor were seen at intervals in 
the dura. In places the tumor capsule was broken, but, in every instance, the 
tumor mass was separated from the normal tissue of the brain. The tumor 
was composed of a compact mass of cells with oval or round nuclei, which 
stamed well. The cells had a tendency to central grouping and were more 
numerous toward the center. The cells nearest the dura, which represent the 
older cells of the tumor, were elongated, with protoplasmic processes, and had 
a spindle-shaped nucleus. Here the tumor looked more fibrous. Many tumors 
the size of a pin point of similar histologic structure were found through the 
rest of the brain. The pia generally was found normal, but in a few places 
was thickened with an infiltration of lymphocytes. In several places the endo- 
thelial cells of the pia had from three to four layers of flat cells with spindle- 
shaped nuclei. Most likely these represented the beginnings of small tumors. 
The blood vessels occasionally showed hyaline degeneration. This was espe- 
cially true near the area of softening, and the ganglion cells at times showed 
the same degeneration. 

Case 2.—The patient was a woman, aged 52, who, one year before admission, 
had a severe epileptic attack which did not recur. Four days before entering 
the hospital she developed suicidal ideas, and had to be watched carefully. 
The neurologic observations were normal. The patient was well oriented, and 
her intelligence was good. For eight years this condition remained unchanged 
except that she lost some weight. Then she suddenly developed disturbance 
in speech of an articular type, with anxiety and hallucinations, from which 
she gradually recovered. A year later she had a similar attack; this time 
the disturbance in speech was more marked. She recovered from the second 
attack. Two and a half years later she had another attack and died. 

A hard tumor, 5.5 by 4.5 cm. which had pushed its way into the left 
posterior lobe, was found post mortem in the right occipital area. A second 
tumor, of softer consistency, was found embracing the entire sella turcica with 
a tendency to spread to the left side. The hypophysis, as well as the optic 
and other cranial nerves, was surrounded by this tumor mass. 

Histologic examination of the tumor showed that it was composed, espe- 
cially near the dural area, of closely compacted, elongated cells with long, 
spindle-shaped nuclei. Sinus-like, dilated blood vessel lumens were observed 
here and there. Toward the center, the tumor became more fibrous and more 
typically endothelial. The dura could easily be separated from the tumor mass, 
except in one place, in which tumor tissue could be observed in several layers 
of the dura. Here and there in the dura were cell groups which were typical 
of endothelioma. Scattered through the arachnoid over the brain were areas 
with an increase of endothelial cells, and after being pulled out from the dura, 
some pacchionian granulations were found to contain tumor structures the 
size of a pin point. 

The histologic examination of the tumor mass at the base of the brain 
showed it to be an even more typical endothelioma. This tumor was less 
fibrous. It penetrated the pituitary body and the gasserian ganglion. 

Case 3.—The patient was a man, aged 72, who had always enjoyed good 
health. About four or five years before the present illness he had had a mild 
stroke, resulting in right ptosis. There was no paralysis of the extremities. 
The present illness began during the last year or two, with mental deteriora- 
tion; he made peculiar statements; later he could not recognize his wife and 
son; he became restless, and speech became affected. A neurologic examination 
disclosed a right ptosis. The left pupil was small and reacted slowly to light; 
the lens was cloudy. The right pupil was dilated, did not react to light, and 
the lens was cloudy. The left facial nerve was slightly affected; the tongue 
deviated to the left side. The abdominal and cremasteric reflexes were not 
obtained. The deep reflexes of the upper extremities were diminished; the 
patellar and achilles reflexes were uncertain. Questionable Babinski and 
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Oppenheim signs were present on the right. 
dementia with encephalomalacia. 

Post mortem, the entire sella turcica was surrounded by a soft, irregular 
tumor, which eroded the body structure and destroyed the anterior and posterior 
clinoid processes. The tumor mass spread along the dura, which was noticeably 
thickened, down to the pons, as far as the trigeminus. The abducens and facial 
nerves of both sides, especially the left, were imbedded in the tumor mass. 
The tumor could not easily be separated from the sella, which was enlarged, 
and at the oval end the tumor mass was fused with the pituitary gland. 
Another tumor, measuring 0.5 cm., was found in the midline at the base of 
the frontal area; it was lying on the inner surface of the dura and was 
connected with the brain. There was enlargement of the lateral ventricles. 

On the serosa of the duodenum, near the pylorus, was a polypoid type of 
tumor the size of a walnut. 


The clinical diagnosis was senile 


The histologic observations of the tumor in the pituitary area were those 
of a typical endothelioma. Here, as in the previous case, connective tissue 
grew from the dura into the tumor. Here, also, accumulations of groups of 
cells giving the impression of minute tumor bodies were found in the dura near 
the tumor. At no place did the tumor penetrate the brain substance. It broke 
through the pituitary body and grew through the pars nervosa. The small tumor 
at the frontal base was also an endothelioma with the same type of cells. On the 
other hand, the pacchionian granulatiops did not show an endothelial thicken- 
ing. The neoplasm on the duodenal serosa was recognized by Professor 
Wohlwill as an endothelioma of the serosa, a rare growth. 

Clinically, the cases present several points of interest. Psychic disturbance 
was the main symptom in each of the three cases. The patients in cases 1 and 
3 showed pupillary disturbances, and each had previously suffered from a 
stroke. The patient in case 2 had had an epileptic attack one year before the 
onset of the symptoms; although the illness lasted many years, the epileptic 
attack never recurred. 

Anatomically, the cases all presented multiple diffuse tumors, in which the 
pia and arachnoid were also involved. The larger tumors were attached at 
some points to the dura, while the smaller ones, some of them only the size 
of a pin point, were found in the meninges or in the brain. Histologically, 
Casper found them all to be endotheliomas, and he came to the conclusion 
hey all had their origin from the arachnoid. Casper, however, is of the opinion 


iat some endotheliomas may arise from the dural endothelium. 
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Bernis, Rochester, N. Y. 


PSEUDOTUMORS OF THE Brain. L. Puusepp, Fol. Neurop. Eston. 6:31, 1926. 


In 1904, Nonne described a peculiar type of nervous disease which presented 
all the characteristic symptoms of cerebral tumor and which at necropsy did not 
show any sign of neoplasm. The disease comes on without direct cause, with 
symptoms and signs of increased intracranial pressure, and may progress to 
provoke characteristic focal signs, although these are lacking in some cases. 
Instead of following the usual downward course of tumor, however, these patients 
tend to recover either with or without treatment by mercury and iodides. 

Such conditions present difficulties in intracranial diagnosis. They are most 
frequent in young people. Another complication in diagnosis is the occasional 
occurrence of an acute onset followed by rapid recovery in cases of true brain 
tumor which may, following this period, remain latent for a considerable period 
of time. Therefore, to establish a diagnosis of pseudotumor clinically, one should 
have the general pressure symptoms, focal symptoms and benign course, with 
maintained health after a period of one or two years, or on postmortem examina- 
tion neoplasm or definite meningitis should not be recognized. 

Puusepp reports five cases of his own; two followed by necropsy. The first 
of these gave a characteristic picture of cerebello-pontile angle tumor with involve- 
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ment of the trigeminus, facialis and pyramidal tract. There was optic neuritis 
and atrophy, with nystagmus and anisocoria. Exploratory operation revealed a 
marked increase in the cerebrospinal fluid, with bulging of the cerebellar hemi- 
sphere. No tumor was located and the decompression opening was left, but the 
patient died eight hours later. No tumor at all was found. The ventricles were 
slightly widened and the pia was cloudy about the base. Microscopically, the 
vessel walls were thickened, and there were changes in the choroid plexus and 
ependyma, but no meningitis or encephalitis and no tumor. 

The second case occurred in a boy, aged 13, whose illness began gradually with 
apathy, loss of memory and irritability. He complained of headache, and after a 
few months, jacksonian attacks began in the right arm and mouth. These symptoms 
progressed to weakness in the right upper extremity and severe confusion and 
somnolence. Objective examination disclosed right hemiparesis with astereognosis, 
increased reflexes but no disturbance in speech. The spinal fluid pressure was 
elevated and contained an excess of albumin and slight lymphocytosis. In retro- 
spect, the occurrence of pronounced general symptoms long before the appearance 
of local manifestations should have warned of the possibility of pseudotumor. <A 
craniectomy, 6 cia. in diameter, was performed over the suspected site. The dura 
was thin and rosy, the pia transparent, and on cutting the dura the brain bulged 
into the opening; it was slightly pale, but did not show visible disease. Puncture 
in two directions yielded no pathologic elements. There was a good deal of 
swelling after the operation, with increased weakness in the arm. Puncture of 
the hernia yielded dark yellow fluid. On the sixth day there was a severe con- 
vulsion and death. At necropsy no tumor was found, only opacity and thickening 
of the pia, particularly at the base around the cerebellum. The ventricles were 
not dilated, the aqueduct and foramina were patent. There was marked hyperemia 
of the ependyma and superficial hemorrhage beneath the pia. All that was present, 
therefore, was unimportant serous meningitis. Histologic examination did not yield 
further data. 

Case 3 occurred in a woman, aged 51, who complained of headache, vomiting, 
fainting and increasing weakness in the right limbs. The headache had begun 
about four months before and was mostly on the left side. Ophthalmoscopic 
examination showed a small hemorrhage in the left retina and dilatation of the 
veins, with papilledema. The weakness in the leg began shortly before admission, 
but was insufficient to prevent walking. Percussion of the left parietal region 
was markedly painful. There was mild weakness, with increased reflexes on the 
right side but no Babinski sign and no sensory disability. The spinal fluid was 
under increased pressure and contained increased amounts of albumin and cells 
The pulse rate was from 65 to 70, but during the attacks of headache slowed 
down to from 55 to 60. Here again the occurrence of general symptoms before 
focal ones should have led to consideration of the possibility of pseudotumor 
Decompression was performed, and, except for a rather tight dura, nothing 
abnormal was found. The brain bulged into the opening. The pia was thickened 
and edematous, particularly along the course of the vessels. Only a small amount 
of fluid flowed forth. Following the operation, the weakness was more pro- 
nounced and abducens palsy developed, but cleared up promptly. There was 
some hernia cerebri, which required puncture on four occasions, but which later 
subsided. The papilledema disappeared, and the patient grew gradually better. A 
year and a half after the operation, the patient reported that her weight was 
increasing and that she was able to perform her usual work. 

The fourth instance was in a man, aged 39, suffering from headache, vomiting, 
diminished vision, weakness in the arm and disturbance in speech. Twelve years 
before, a similar attack had occurred, which was supposed to be due to meningitis, 
although the temperature was normal; the condition lasted for four months and 
then disappeared. The present illness began in the same way — with headache, 
vomiting and reduction in visual acuity — and two months later weakness developed 
in the right arm, and there was some disturbance in speech. Examination revealed 
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mild right hemiplegia, with partial motor aphasia and choked disks. Intracranial 
pressure was greatly increased, and the fluid contained increased albumin and 
cells. The Wassermann reaction was negative. A roentgenogram of the sella 
was normal. Following lumbar puncture, there was moderate improvement; the 
headaches disappeared and vision returned. lIodides and sudorifics were employed, 
with repeated lumbar puncture, and in three months the patient was able to 
return to work, being able to read even small print. 
still following his ordinary occupation. 

In the last case, a woman, aged 45, complained of headache, paresthesia on 
the right side of the body, and beginning weakness. The illness had begun two 
years before, with a feeling of warmth in the right foot, extending up the body 
and involving the arm and head. This lasted not more than two minutes, but 
the attacks came several times a day with occasional lapses, and recently they 
had been increasing in frequency. The patient had noticed reduction in memory 
luring the past year and recently some weakness and clumsiness in the right 
hand. Examination showed mild hemiplegia, particularly in the leg, some reduc- 
tion in sensibility, particularly in stereognosis, and papilledema on both sides. The 
localization seemed cortical. The cerebrospinal fluid was under increased pressure 
nd contained moderate amounts of albumin and slightly increased cell count. In 
iew of previous experiences, this patient was treated with iodides and repeated 
lumbar puncture. Under this treatment, recovery was complete in two weeks. 

The pathology underlying the clinical picture of pseudotumor is poorly defined. 
\acroscopically, nothing important is disclosed; meningitis of any type or blockage 

the ventricular system is to be omitted from the category of pseudotumor. 
\licroscopically, certain observations have been described which suggest an inflam- 
natory lesion. It is possible that the increased amount of fluid found clinically 
isappears at the time of death. Some believe that serous meningitis is the cause 

these tumors, or a disturbance in the equilibrium between the cranial cavity 
nd the size of the brain. This is merely a hypothesis, however. Inflammatory 
eaction is not uncommon in the meninges and perivascular spaces. A diffuse over- 
rowth of glia cells (gliomatosis) has been described, with various perivascular 
anges. Marked changes in the choroid plexus were found in the cases reported, 
hich indicate a process not only destructive but also hyperplastic. Ependymitis 
is likewise been described. Such changes suggest a disturbance in the lymphatic 
rculation in the brain with stasis and swelling. 

The focal symptoms of pseudotumor may be explained by the localization of 
e inflammatory process in certain parts of the brain, producing localized edema. 

The differential diagnosis is important and depends on the fact that general 
mptoms antedate the focal symptoms and that frequently the focal ones are 
mpletely absent. Sometimes these focal symptoms develop months or even 
ears after the beginning, and all the manifestations can be explained on the basis 
increased intracranial pressure. A painstaking history taking and careful exam- 
ition of the fluid for pleocytosis may establish the diagnosis. 

The prognosis as to life is good, but there is always danger to the optic nerves. 
he etiology is not understood. Treatment in the cases reported was decompres- 
n in three instances and lumbar puncture with iodides in two. Whatever will 
duce the intracranial pressure will probably act favorably on the disease; one 
nust treat patients with these conditions conservatively. Only in severe cases 
hould operation be performed; the mortality is likely to be high. 


Three years later he was 


FREEMAN, Washington, D. C. 


[He TREATMENT OF HEAD INJURIES. 


Hvucu Carrns, Lancet 1:566 (March 17) 
and 617 (March 24) 1928. 


The state of concussion is one in which there is a tendency toward spontaneous 
recovery; any artificial stimulation of the blood pressure is likely to increase the 
isk of subsequent intracranial hemorrhage. The patient should be kept warm 
and placed in such a position that breathing is easy. The following observations 
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are made: (1) the state of consciousness; (2) the state of temperature, pulse and 
respiratory rate, and the blood pressure; (3) the size and reaction of the pupils; 
(4) the sensation and, if possible, the movements of the limbs and face. These 
observations should be carried out every hour. A number of conditions may 
masquerade as head injury, notably cerebral vascular lesions and acute alcoholism. 
The irritability of a patient with severe traumatic intracranial hemorrhage may 
closely simulate that of acute alcoholism. In this regard, lumbar puncture may 
be of differentiating value. Roentgenograms should be taken immediately on 
admission to hospital, as they are of great medicolegal importance. 

Cases may be classified in one of several groups: (a) Fatal cases: deep 
coma is maintained from the moment of injury; while respirations grow more 
sterterous, the pupils become dilated and inactive, the blood pressure and tempera- 
ture mount rapidly. These signs indicate a greatly increased intracranial pressure 
due to damage of the vital centers. These cases are fatal and operation is of no 
avail. (b) Mild cases: the initial unconsciousness is of short duration and is 
followed by a stage of reaction. The patient is apt to be irritable and liable 
to have sudden attacks of vomiting. There is severe headache. (c) Doubtful cases: 
for a day or more the patient remains unconscious or shows periods of semi- 
consciousness alternating with periods of actual coma. These are cases of severe 
contusion with secondary anemia. There is a moderately severe and sustained 
rise in intracranial pressure. If there are persistent focal signs to indicate an 
area of local contusion, operative decompression will be of value; otherwise, treat- 
ment is conservative. Other doubtful cases are those which show a lucid interval. 
This is evidence that bleeding or edema is slowly progressive. It is sometimes 
difficult to tell whether the patient is merely drowsy after the lucid interval or 
is again sinking into coma. If the latter is the case, there is slowing of the pulse 
rate, rise of temperature and rise of blood pressure. Cases which show a lucid 
interval call for operative procedure more than any other type of head injury 
except compound fractures of the vault. 

Spread of infection to the brain by open wounds should be guarded against. A 
leakage of blood or. cerebrospinal fluid through the nose or ears is presumptive 
evidence of an open wound through fracture of the base of the skull. In these 
cases there is also the risk of meningitis. The external auditory canal should 
be gently swabbed out—not syringed—with a mild antiseptic solution, such 
as perchloride of mercury 1: 1,000, and then should be lightly plugged with gauze 
soaked in a similar solution, which is changed every hour. All that can be done 
for a leak from the nose is to keep the nares free from clot. Methenamine, 10 
grains (0.65 Gm.) three times a day, should be given whenever meningitis is 
feared. 

Good nursing does much to relieve the patient in the stage of irritability. The 
bladder and bowels must be watched, and the room should be darkened, for there 
is great photophobia in this condition. Morphine should be avoided, but potassium 
bromide and chloral, 20 grains (1.30 Gm.) of each, may be given every four hours 
by mouth or twice this dosage by rectum. Hypertonic salt solution is also of 
value. In a mild case, 6 ounces of a 25 per cent solution of magnesium sulphate 
may be run into the rectum slowly twice a day, while at the same time fluids by 
mouth are restricted. If the solution is not retained by rectum, it may be given 


by mouth or stomach tube. In severe cases, 70 cc. of a 15 per cent solution of 
sodium chloride, or a similar amount of a 50 per cent solution of chemically pure 
dextrose, can be given slowly by the intravenous route. The slow withdrawal of 
small amounts of cerebrospinal fluid every two hours may be of value, although 
the method is open to objections. 


In the treatment of compound fractures of the vault, the scalp should be 
cleaned and the fracture exposed. A simple fissured fracture does not require 
treatment. If there is the slightest overlapping of the edges, a small trephine 
hole should be made so that the under surface of the fracture may be examined. 
All dirty fragments of bone should be removed, and if there is a depression, it 
should be elevated under direct vision. The dura is then examined, and if it has 
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been torn the brain is inspected, fragments of clot and dirt are removed, and the 
dura is closed with a fine rubber drain on its outer aspect. The drain may be 
removed within four or five days. To prevent dressings being pulled off, it is 
wise to reinforce them with a bandage of starch or plaster of paris. 
serum should be given at the time of operation. 
be elevated within a few days of the injury. 
may be simulated by a hematoma. 
by x-ray examination. 


Antitetanic 

Simple depressed fractures should 
These are uncommon in adults and 
The diagnosis, never urgent, can be settled 


When, in cases in which the patient has shown a lucid interval, the intracranial 
pressure is mounting, operation is necessary. All that one is capable of doing 
may be done by a simple subtemporal decompression. If the pupils are unequal 
and if one is dilated and fixed, experience shows that the operation should be 
carried out on the homolateral side, even in the presence of apparently contradictory 
paralytic signs. In doubtful cases, both sides should be explored. Whether extra- 
dural clot has been found or not, the dura should be opened. Patients with 
cerebral contusion who show persistent localizing signs should be subjected to 
decompression. Prolonged rest in bed is important in cases of injury of the head. 


PETERSEN, Montreal, Canada. 


ConpbITIONS AFFECTING AND THE PATHOGENESIS OF THE BABINSKI REFLEX. 
Juttus Zapor, Monatschr. f. Psychiat. u. Neurol. 64:336 (Aug.) 1927. 


It is generally accepted that, under physiologic conditions, from 60 to 
‘0 per cent of normal infants will give a positive Babinski sign. Usually this 
s assumed to be due to incomplete development of the pyramidal tracts at 
that age. Minkowski found the sign in fetuses of from 3 to 4 months. Section 
through the medulla converted the dorsal flexion into plantar flexion, whereas 
removal of the pallium and diencephalon did not affect it. He concludes that 
or the production of this phenomenon the combined activity of cortical and 
ubcortical centers is necessary, and further, that the motor function of the 
etus and infant is determined chiefly from the pallidum. 

The author studied the effects of plantar stimulation in eighty infants, 
anging from 1 day to 14 months. He found dorsal flexion in 60 per cent 
f the infants up to 6 months; in 40 per cent from 6 to 9 months. Only 
per cent in those from 9 months on. The response in these cases differs 
rom the ordinary Babinski sign of adults: all the toes go up; the reaction is 


uick, and persists. In addition there is sometimes abduction of the 


great 
He believes that this reaction in infants represents a phylogenetically 
lder type of reaction that is closely related to the positive Babinski sign 
' adults, but differs from it in showing nét only an inadequate development 
the pyramidal tract, but also a lack of certain inhibitory influences from 
striatum, which is also incompletely developed at this time. 
The author discusses several factors that have been found to influence 
he Babinski reflex. Scopolamine, in doses of over 0.001 Gm. can produce 
positive Babinski sign in a normal person, and in still smaller doses 
0.0003 Gm.) can bring out a latent Babinski sign. The author believes that 
this effect of scopolamine must be explained by a direct action on the pyramidal 
ract. Zucker, however, believes that the effect is not directly on the pyram- 
dal tract, but on the extrapyramidal system (striopallidium) and especially 
the deeper vegetative centers (hypothalamus). Were this true, it would mean 
that one could get a positive Babinski sign without damage to the pyramidal 
system. Zucker, however, has not proved his contentions. 
In contrast to scopolamine is the effect of physostygmine. 
in physiologic doses abolishes a positive Babinski reflex. 
The effects of these two drugs show that the Babinski reflex is independent 
of tone. Scopolamine, which can produce a positive Babinski sign, reduces 
tone; physostygmine, which abolishes a Babinski sign, increases tone. This 


Physostygmine 
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same fact is shown clinically by cases of atonic hemiplegia and by cases ot 
funicular myelitis, in both of which one has a positive Babinski sign associated 
with hypotonia. 

Change of position of the body and legs can also influence the Babinski 
reflex. This was first demonstrated by Guillain, Barré and Boveri. They 
showed that with the patient prone, or with the knees bent, a positive Babinski 
sign may disappear. Later it was shown that the essential factor was not 
the prone position (though this may have some effect) but the knee bending. 
With right angle a flexion of the knee, a positive Babinski sign can be made 


to disappear in about 50 per cent of cases. A positive Babinski sign can be 
abolished by an Esmarch anemia at a time when sensation of touch is still 
intact. After removal of the Esmarch bandage, the return of the Babinski 


sign is coincident with the onset of a feeling of formication in the affected 
limb. Elliott and Walshe have observed that the Babinski reflex is absent in 
diabetic coma, but is always positive in uremic, cholemic, and hypoglycemic 
coma (aiter overdosage of insulin). These results should be rechecked on a 
large series of cases. 

A point of great interest is the disappearance of a positive Babinski sign 
through disease of the basal ganglia. Homberger reported a case with dis- 
appearance of the Babinski sign in which there were superimposed on the 
capsular lesion, which had caused the sign, multiple foci in the lenticular 
nucleus and thalamus. The lesions were confirmed at autopsy. In another 
case a Babinski sign developed first on the left, then on the right side; later, 
it disappeared on the left but persisted on the right side till death. An autopsy 
showed a large hemorrhage in the right internal capsule (left Babinski sign) 
which had ruptured into the ventricle (bilateral Babinski sign), and then 
destroyed the right lenticular nucleus and thalamus (disappearance of the 
left Babinski reflex). Zador reports a case of his own with extensive ventricular 
hemorrhage, in which both internal capsules and the basal ganglia on both 
sides were destroyed. A Babinski sign was not found on either side. From 
these cases he believes that two factors are necessary for the occurrence of 
a positive Babinski sign: a lesion of the pyramidal tract, and intact basal 


ganglia. ‘ 
SELLING, Portland, Ore. 


THEORIES OF SUGGESTION. WILLIAM Browy, Brit. M. J. 1:251 (Feb. 18) 1928 


In the writings of educationalists and purely scientific psychologists, the word 
“suggestion” has been used to indicate a general kind of influence brought t 
bear on the mind, an influence which is other than that of logical or rational 
argument. So it covers all nonrational and includes irrational influences. <A 
person may be so influenced without being aware of the fact. Persuasion is the 
process of influencing a person by rational means. In pure psychology, the word 
refers to the effect of preformed associations on the activity of the mind. In 
psychologic medicine the use of suggestion has developed out of the earlier use 
of hypnosis. Hypnotism and suggestion are not the same thing. The state of 
hypnosis is one of mental dissociation, in which certain interests of the subject’s 
mind may be appealed to while other parts of the mind are in abeyance. He is 
more suggestible because of this dissociation which prevents him from calling up 
his reserves and bringing up other considerations. On the other hand, instead 
of suggestibility following on hypnosis, suggestion may precede the hypnotic state 
and the latter is usually brought about by this means. 

Hypnosis seems to proceed in stages, of deeper and deeper degree, but at the 
present time one does not speak of stages of hypnosis because a definite order of 
sequence does not occur. The order depends largely on the way in which, or the 
conditions under which, suggestions are given. Most, if not all, of the phenomena 
observed are states of dissociation, dissociation of the power of recalling certain 
memories, of the power of contracting certain muscles, of experiencing certain 
sensations. Results in hypnosis may be positive as well as negative; the imagina- 
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tion may be stimulated but kept under the control of the hypnotist. His words 
and gestures call out a direct and inevitable response from the patient. Freud 
explains all this on the basis of a bond of affection springing up between the two. 
McDougall believes that in hypnosis the instinct of self-assertion is in abeyance 
and that of self-abasement in the ascendancy, with the result that the hypnotized 
person is ready to accept orders from another person. Bernheim defines hypnosis 
as a state of artificially increased suggestibility. 

Dissociation may increase suggestibility or be increased by it. Mental and 
physical shocks and drugs, such as alcohol or chloroform, make a person more 
readily hypnotizable by inducing relative dissociation of the higher centers. Six 
hundred patients with amnesia whom the author saw in the war were all hypno- 
tizable and memory invariably returned under hypnosis. Charcot said that hypnosis 
was an artificial hysteria. One may combine this with the definition of Bernheim, 
omit certain parts, and say that in hypnosis suggestibility is increased, but that 
a fundamental factor, to some extent of independent value, is a state of dissocia- 
tion which works in harmony with suggestion. When dissociation or hypnosis is 
extreme one may find that the patient is less suggestible or even nonsuggestible. 
Pawlow explains sleep and hypnosis in terms of “internal inhibition” in the cerebral 
cortex — spreading to subcortical centers in the former and limited to the cortex 
in the latter. 

An idea to produce an effect needs to be in relation with some source of 
energy, one of the instinctive “urges” or other conative and affective tendencies. 
(According to Freud, the affective tendency is of an erotic nature—a sexual 
tendency inhibited in its aim and manifesting itself in a readiness to rely completely 
m the hypnotist; this is the factor of “transference.” Ferenczi observes that there 
ire two main and contrasted methods of hypnotism—the method of command, 

orresponding to the attitude of father to child, and the method of soothing and 
oaxing, corresponding to the attitude of the mother. 

At first sight all suggestion seems in essence to be autosuggestion, but there 

; the converse possibility that all suggestion may be heterosuggestion — that the 
ndividual may never be able to accept anything from himself. Ernest Jones, 
following Freud, maintains that the success of heterosuggestion is due to the 
re-arousal of early feelings toward the father, in which the hypnotist is put in 
lace of the ego-ideal or super-ego, which is modeled on the father. In auto- 
suggestion, he says that there is a regression to an even earlier level, a narcissistic 
tage, which existed before the ego-ideal had been formed. If this is so it is 
ot easy to understand the beneficial effects of autosuggestion. Belief and faith 
n oneself is autosuggestion, but this is not to be identified with narcissistic 
fixation on oneself. There is no reason for bringing in the libido here. 

McDougall explains heterosuggestion in terms of the instinct of submission, or 

elf-abasement. This is too limited as other instinctive forces may be responsible, 
ay increase suggestibility and produce effects of suggestion. Othello, under the 
influence of jealousy, responds to the suggestions of Iago without any help from 
transference or self-abasement, and so with other instincts and sentiments. 
McDougall also says that suggestion is acceptance independent of logical, adequate 
grounds. Neither the sex instinct nor that of self-abasement exhausts the pos- 
sibilities of explanation. In hypnosis, archaic affective tendencies and beliefs may 
come to the surface and a person may produce certain results by virtue of the 
strength of these primitive beliefs. Bad autosuggestion is the working of an 
idea under the instinct of fear or apprehension; therapeutic autosuggestion goes 
further because it replaces the fear or doubt by a feeling of confidence. 


PETERSEN, Montreal. 


Tue EVALUATION oF PsycHOsEs IN METENCEPHALITIS. R. Neustapt, Arch. f. 
Psychiat. 81:97 (June) 1927. 


The author reports three examples of psychoses that developed after epidemic 
encephalitis. Case 1 was that of a young man whose family history was unim- 
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portant, but who was somewhat peculiar, “wild and apprehensive” as a child. At 
the age of 16 he passed through an acute confusional state with lethargic symp- 
toms, with subsequent mental changes, sense deceptions and anxieties. This lasted 
a short time and was followed by a typical postencephalitic change of character. 
At the age of 18, parkinsonian symptoms appeared, and two years later there was 
a further aggravation of the mental symptoms; optic and somatic sense decep- 
tions, misinterpretations and, subsequently, auditory hallucinations of imperative 
and threatening nature, ideas of poisoning, and refusal of food. At times there 
appeared short delirious states followed by hypochondriachal ideas and suspicions. 
For two and a half years this psychosis showed oscillations, amelioration and 
aggravation of symptoms, with periods of acute excitement. Gradually the 
acute phase subsided to make place for mild hypochondriachal delusions, self- 
depreciation, abnormal fatigability, difficulties in retention, memory and time 
disorientation for the data of the disease. Neither emotional nor intellectual 
deterioration was demonstrated. 

Case 2 was that of a young man in whose family history there was a definite 
predisposition to goiter, and who showed a tendency to pituitary gigantism. At 
the age of 14, he passed through an attack of grip which was followed by 
tremor, amimia, akinesis, speech disturbances, pupillary and reflex distur- 
bances, and parkinson-like rigidity. This was followed by sleepiness and a 
tendency to asocial behavior; at the same time there was the beginning of the 
development of a benign goiter. Gradually the typical postencephalitic changes 
of character developed, with inverse sleep rhythm. At the age of 19 there was 
an aggravation of the mental symptoms with the appearance of ideas of poisoning 
and refusal of food. dn the hospital he showed sense deceptions and delusions of 
persecution but without clouding or deterioration. At the age of 20, there 
occurred a regression of the goiter and a gradual improvement in the general 
condition. At the age of 21 he was allowed to go home. He had definitely 
improved mentally and was able to return to work. 

Case 3 was that of the sister of the patient in case 2. At the age of 14 she 
had an attack of grip, with disturbance of sleep and restlessness. Following this, 
for four years, there was inability to concentrate, with tendencies to withdrawal 
and apathy. At the age of 18, a second attack of grip was followed by sleepiness 
and a gradual development of disturbed mentality, ideas of reference, compulsions 
and hypochondriac delusions. One year later, on the basis of hallucinatory 
experiences, there occurred a period of excitement of short duration. At the 
same time neurologic signs in the form of tics, myoclonic twitchings and primitive 
mouth reflexes were discovered. 

On the basis of these three cases and a review of more or less similar cases 
reported in the literature, the author discusses the whole concept of psychoses in 
the course of metencephalitic disorders. The apparent similarity of the symptoms 
in such cases to those found in schizophrenias—hallucinatory and delusional 
experiences on the one hand, and catatonia-like states on the other—led some 
authors to regard these psychoses as essentially akin to the schizophrenias. The 
author analyzes his cases, especially the first, thoroughly and comes to the con- 
clusion that the similarity is only apparent and superficial. The schizophrenia- 
like symptoms in these psychoses are in reality such as Bleuler considers accessory 
symptoms, whereas the fundamental disturbances of this disease have never been 
found in metencephalitis. None of these patients, for instance, showed the typical 
mental’ deterioration or emotional inadequacy. Similarly autistic shutting out of 
experiences could not be demonstrated. Dilapidation of thought, disturbance in 
language or incoherence in associations did not occur in any of the patients. 
The contact of the patient with his environment also remained undisturbed. The 
author is of the opinion that in these psychoses one is dealing with a mental 
disturbance that is intimately related to the progressive organic processes, and 
that they should be regarded as real symptomatic psychoses. The importance of 
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prepsychotic peculiarities of personality remains questionable. One cannot, 
however, regard these conditions as in any way akin to the definitely established 
schizc nia. 
concept of schizophrenia MALAMUD, Foxborough, Mass. 


A PLEA FoR A NATIONAL LABORATORY FOR THE STUDY OF MENTAL ABNORMALITY. 
R. J. A. Berry, Brit. M. J. 1:46 (Jan. 14) 1928. 


A neuronic arc usually comprises three nerve elements: a receptor, an 
interposed connecting or internuncial neuron and an effector neuron. Atten- 
tion has been focused on the first and on the last, yet it is the internuncial 
neurons which, when present in sufficient numbers, result in the phenomena 
termed “mind.” In the spinal cord the dorsal roots are the receptors, the 
associational and commissural neurons are internuncial, and the ventral roots 
are the effectors. In the cerebellum, the receptor neurons chiefly traverse the 
inferior cerebellar peduncles. The internuncial neurons are of the supraseg- 
mental type and consist of small granular cells confined to the gray matter; 
they form the bulk of the cerebellar cortex and greatly outnumber all other 
neurons in the cerebellum. The relatively few Purkinje cells are the effectors. 
Che internuncial neurons of the cerebellum are totally different from the asso- 
ciational and commissural type of the spinal cord. The function of these 
numerous cerebellar internuncial cells must be storage of nerve impulse, the 
energy of which is liberated under thercontrol of the cerebral cortex exercised 
through the corticopontocerebellar pathway. 

The cerebral cortex in structure repeats both the cord and cerebellum, but 
there are far more associational and commissural internuncial neurons (spinal 
ord type) and granular neurons (cerebellar type) than in the cord and cere- 
bellum. Here the thalamocortical fibers are the receptors and the projection 
system the effectors. The evidence seems to warrant the conclusion that it is 
these internuncial neurons which, by storing up the numerous nerve impulses, 
act as the physical basis of memory and therefore of speech, reason, judgment 
and all mental phenomena. These cell bodies tend to arrange themselves in 
strata. Excluding the fiber laminae of the cerebral cortex, there are three 
layers of cell bodies: pyramidal cells on the exterior, granular cells in the 
middle and polymorphic cells on the interior next the white matter. The 
polymorphic cells, or infragranular layer, are present in all mammals and are 
supposed to control the purely animal functions of life. The pyramidal cells, 
iY supragranular layer, are best and most largely developed in man, and he is 
the only animal with a sufficient amount of these to inhibit voluntarily the 
animal functions of the infragranular cortex. If a man possesses a relatively 
undeveloped controlling supragranular cortex, he is more likely to react to 
his environment on a purely animal basis. Bolton and others have demonstrated 
in antisocial personalities a supragranular layer thinner than normal, and this 
thinning occurs chiefly in the frontal region. Many persons pass into the 
omplexities of adult life with an abnormal development of pyramidal cells. 
They possess the sexual and physical appetites of an adult with the controlling 
power of a child, and one cannot expect from them normality of conduct in 
these fields. The majority of these people are aments and are social and 
financial burdens to the fit. 


Many forms of abnormal mental reaction are probably not so much due to 
lisease as to aberrant cerebral development, with a consequent disordered reac- 
tion to the environment. The human brain is the product of heredity and 
environment. At birth the cerebral cortex, and particularly the supragranular 
cells, are in a nonfunctioning, neuroblastic condition. With the incoming of 
exteroceptive stimuli, a necessary factor for the converting of the nonfunctioning 
neuroblast into the functional neuron is introduced. Environment, therefore, 
materially affects the growth of the brain. If the brain is so imperfectly con- 
structed from the beginning as to make it incapable of receiving the necessary 
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number of stimuli, then some degree of amentia persists throughout life. All 
scientific evidence seems to show that mental phenomena are the result of an 
adequate number of exteroceptive stimuli being received by an adequately con- 
structed cerebral cortex—environment and heredity. 

At the present time, receptor and effector neurons are the field of the 
neurologist, normal internuncial neurons of the psychologist and abnormal 
internuncial neurons of the psychiatrist. A functional entity, like the neuraxis 
of man, should not be so divided, and unity of study is essential. The magnitude 
of the problem demands national, concerted investigation. 


PETERSEN, Montreal. 


CONTRIBUTIONS TO SOME ANATOMIC PROBLEMS IN GENERAL PARALYSIS. T. VY. 
Lenoczky, Arch. f. Psychiat. 80:435 (April) 1927. 


On the basis of clinico-anatomic studies of eleven cases of general paralysis, 
the author discusses various important problems. The patients had all been 
treated nonspecifically: six with malaria; two with injections of malaria and 
milk, and three with injections of milk only. The problems specially investigated 
were: (a) the histologic picture found in cases of this type of treatment; (b) 
the problem of the general paralytic convulsion; (c) the localization of the 
changes in general paralysis, and (d) the behavior of the microglia in general 
paralysis. 

(a) A critical attitude is assumed toward the various theories that have 
been proposed to interpret the mechanism of the therapeutic effect as expressed 
in the histologic picture. The supposition of Stratissler and Koskinas that the 
therapeutic action of the malaria is expressed in a so-called “therapeutic 
inflammation” was not substantiated by the author’s observations. For instance, 
he found that in some cases the character of the inflammatory process (during 
and shortly after treatment) was of a purely chronic type, whereas in other 
cases the acute changes could be looked on as expressive of the acute clinical 
course. The author’s views are more like those of Spielmeyer and Kirschbaum 
He believes that the effect of nonspecific treatment is expressed in a diminution 
of the severity of the inflammatory component, whereas the ectodermal com 
ponent of the process remains unchanged. Injections of milk and malaria ar: 
both regarded as essentially fever treatments, and both lead to regressive changes 
in the infiltrative and mesenchymal elements. Because of the lack of influenc« 
on the ectodermal tissues, therapeutic effect of this type of treatment is to be 
regarded as more or less temporary. In a few cases of malarial treatment the 
cause of death may be directly due to malaria; since both clinical and histologix 
studies point toward the conclusion that injections of milk are as effective as 
malarial inoculations in the treatment of general paralysis, the author thinks that 
the injections of milk should be preferred because of the relatively less danger 

(b) In the so-called “Anfalls” paralysis one cannot accept a special typ 
of histologic picture. The author agrees with Spielmeyer that one does not 
always find an exacerbation of the inflammatory process corresponding t 
such an episode. 

(c) The predilection of the general paralytic process for certain parts of 
the brain is discussed. The author did not find any special involvement of the 
temporal lobes in the hallucinatory type of general paralysis. Again, 
invariable parallelism between cornu ammonis changes and paralytic convul- 
sions was not observed. As to the relation of the process to striate symptoms, 
the author comes to the conclusion that definite symptoms of this type are 
found only in those cases in which the process has caused particularly high 
grade changes in the ectodermal elements of the striate body. 

(d) The studies of the microglia and macroglia are summed up as follows: 
the pathologic changes of the former are practically similar in every respect 
to those of the latter. Side by side with the hypertrophic changes in the 
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microglia are atrophies, degenerations' and breaking up of these cells. The 
different type of structure of the two elements, however, permits a differentia- 
tion even in stages at which both are broken up into masses of detritus. 


MALAMuD, Foxborough, Mass. 


EMOTIONAL AND Psycuic Factors IN DISEASE: INFLUENCE ON EXOPHTHALMIC 
GOITER, DIABETES MILLITUS AND DISEASES OF THE NOSE AND THROAT. 
CHARLES Hucu Nertson, J. A. M. A. 89:1020 (Sept. 24) 1927. 


Considering first exophthalmic goiter, it is well known, states Neilson, that 
emotional stress and psychic upsets often seemingly initiate this disease. The 
nervous system, on close study of the course of the disease, seems to be intimately 
connected therewith. The tachycardia, the tremors, to some extent the exoph- 
thalmos, the muscle weakness and other symptoms are a measure of the toxicity. 
This is true, in a measure of the nervous symptoms. 

Neilson mentions more or less permanent injury to the nervous system during 
a so-called crisis as a factor in the genesis of psychoneurosis. As a second factor, 
he mentions the medical handling -of the individual patient, and as a third, the 
disturbed nutrition. A fourth factor mentioned is that of the frequency of com- 
plicating diseases. There is a short discussion of each factor mentioned. 

The explanation of the nervous symptoms in this disease is mostly con- 
‘jectural. Is the point of attack the sympathetic nervous system? Is it the 
medulla? Is it an individual constitutional potential tendency? One cannot 
explain the favorable effect of iodine in some cases, nor the varying benefit from 
ligation, nor why operation does not completely remove all symptoms. 

Neilson next considers diabetes mellitus. There are always, he states, pro- 
found changes in the nervous system, such as sensory changes, changed deep 
reflexes, disturbances of coordination, neuritis, trophic changes and mental dis- 
turbances. Again one cannot answer whether there is a direct causal relation 
between the disturbed metabolism and these nervous changes or whether there is 

disturbed relation between the endocrine hormones and especially the sympa- 
thetic nervous system. To quote: “Diabetes mellitus might be called a neurologic 


disease with the disturbances in metabolism as end results.” A discussion in 
upport of this startling statement follows. 

The emotional and psychic upsets in the course of diabetes are extremely 
varied and seem to have some relation to the severity of the metabolic changes 
taking place in the course of the disease. They are usually relieved, at least 
emporarily, by proper treatment but a nervous residue often remains, perhaps 
lue to severe changes in the central nervous system or to complicating arterio- 
clerosis. Why do certain severely diabetic patients never develop coma nor 
ervous disturbances, asks Neilson. 

The author next considers laryngology. He believes that the chronicity of 
infections in the accessory sinuses and tonsillar ring is an important factor in 
the frequent and profound emotional and psychiatric states manifest in some 
persons. He believes that toxins play little if any part and that the important 
factor is chronicity. He adds that chronicity of diagnosis and chronicity of 
therapy are also to be considered. A discussion of these three types of chronicity 
follows. Neilson believes that many psychoneurotic patients are thus made and 


stresses proper medical care to avoid this. 
a CHAMBERS, Syracuse, N. Y. 


THE VARIATIONS IN THE LIGHT REFLEX AND Psycuic REFLEX OF THE PUPILS 
(CONTRIBUTION TO THE THEORY OF THE PsYCHOPHYSICAL CONSTITUTION). 
O. LoweENsTEIN, Arch. f. Psychiat. 82:285 (Dec.) 1927. 


The different investigators of the pupillary reflexes in health and disease 
have always encountered difficulties in obtaining precise records and measurements 
of this reaction. The direct cinematography of the reflex could not be used up 
to the present because the light used in the photography automatically served as 
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a stimulus for the light reflex, thereby ‘making it impossible to photograph the 
occurrence before and after the cessation of the influence of the light on the 
iris. 

The author describes a new method whereby this difficulty is eliminated. He 
uses lights strong enough to produce the change in the film, but protected by a 
blue filter which reduces its effect on the pupils to a practically negligible 
quantity. With this light it is possible to photograph the pupils in their natural 
form. With the aid of an additional nonfiltered light, the reflex can be photo- 
graphed along with the reaction before and after the actual reflex. A large number 
of normal pupillary reactions were thus photographed, the whole process in each 
person being represented in the form of a curve. This curve begins with the 
size of the pupil before the unprotected light strikes it, its contraction due to 
the influence of the. light, and then its return to normal after the light has been 
shut out. In addition to the reaction of the pupil to light, it was possible, by this 
method, to photograph the reaction of the pupils in these persons to pain, fear 
and other psychic stimuli. The persons thus examined seemed to fall into four 
groups according to the type of curve obtained in the photographs of their reaction 
to light. They differ in the extent of contraction, the speed with which the 
contraction occurs, the speed and regularity with which the pupil returns to its 
normal size. With this apparatus it was also possible to photograph the consensual 
reaction of the pupil that was not exposed to light. It seems that the consensual 
reaction shows a curve analogous to that of the direct light reaction, but its 
intensity is somewhat less marked the reaction in itself occurs more sluggishly 
than the one to direct light, and there is a more protracted latency period before 
and after the reaction. It was also possible to show that the consensual reaction 
frequently shows a preliminary dilatation before the actual contraction. The 
consensual reaction is much more dependent on psychic influences than is the 
direct light reaction. Pain (in the form of pin prick), the ringing of a bell, loud 
noises and suggested fear were used as the psychic stimuli. The curves here seem 
to fall into three groups, the second and third light reflex groups behaving more 
or less alike to psychic stimuli. An analysis of the person falling into these 
three groups showed that they corresponded to a certain extent to the types 
described by Kretschmer, some of them being of the athletic schizothymic, others 
of the cyclothymic, and still others of the asthenic athletic type. 


MaLamupb, Foxborough, Mass. 


THe RELATION OF THE CERVICAL SYMPATHETIC NERVES TO TONUS OF THE EAR 
MUSCLES IN THE RaAspit. TetsuicHrt Kryonara, Arb. a. d. Neurol. Inst. a. d. 
Wien. Univ. 29:185, 1927. 

Kiyohara removed the superior cervical ganglion and its neighboring 
branches in a number of rabbits; during the operation, he was careful not to 
injure the ganglion or its branches. In another series of rabbits, he deliber- 
ately pulled out the ganglion with forceps so that the neighboring nerves were 
more or less traumatized by traction. During these experiments, it was 
found that the helix on the side of the extirpated ganglion drooped only when 
the ganglion was pulled on in such a manner that the neighboring nerves wer« 
injured. This seems to be evidence in favor of the theory that interruption 
of the efferent fibers running through the cervical sympathetic cannot have any 
other effect than the exclusion of neurons running from these fibers. It 
is therefore not surprising that section of the trigeminus on one side and 
extirpation of the superior cervical ganglion on the other will lead practically 
to the same result as Hotta had obtained in animals in which he cut the 
trigeminus on one side and the cervical sympathetic on the other. In his experi- 
ments, the ear on the side of the cut trigeminus was always found to droop 
definitely, provided the innervation of the muscles of the ear had not been 
disturbed by too severe traction on the ganglion and its contiguous nerves. 
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These results would seem to confirm those of the author’s experiments and are 
emphasized because Ducceschi doubts whether the efferent tract of the cervical 
sympathetic nerves also follows the same course as general sensibility. 
Ducceschi bases his doubts on the fact that the helix also receives sensory 
fibers from the ramus auricularis vagi and from the great auricular nerve 
irom the cervical plexus so that it is not impossible that the eventual proprio- 
ceptive sympathetic fibers (le eventuali vie propriocettive sympathiche) take another 
course than that represented by the trigeminus. It must also be pointed out 
that the significance of the centripetal trigeminus fibers for the upright posture 
of the helix had been definitely proved by Filehne’s experiments. 

The possibility that proprioceptive fibers important for the maintenance of 
tonus in the muscles of the external ear may run in still other centripetal 
nerves is not pertinent to this problem, nor is the question whether or not the 
efferent sympathetic fibers follow those of general sensibility. The only question 
here is whether the tonus reflex of holding the ear in the upright position has its 
efferent arc in the cervical sympathetic nerves. The author believes that his 
experiments prove definitely that the cervical sympathetic does not represent 
the efferent arc of this reflex. Kuscunme, New York. 
HUNGER SENSATIONS IN PATHOLOGIC CONDITIONS OF THE BRAIN. 

D. Mirnitzxy, Arch. f. Psychiat. 80:643 (April) 1927. 


M. Busik and 


In connection with the occurrence of hunger sensations in lesions of the 
central nervous system, the authors discuss the mechanism of hunger sensations 
in general and its relation to the existence of definite hunger centers. Two cases 
are reported. Case 1 is that of a man, aged 26, who was brought to the clinic 
after an injury which subsequently proved to have caused a large hemorrhage 
into the cervical cord and numerous punctate hemorrhages in the medulla and 
both cerebral hemispheres. There were the usual signs of bulbar involvement, 
with tetraplegia, dysphagia, retention of urine and some horizontal nystagmus. 
Immediately after the accident, the .patient asked for food and subsequently, 
throughout his stay in the hospital until his death, showed marked hunger 
sensations that could not be gratified with the ingestion of food. 

Case 2 is that of a man who developed jacksonian epileptic seizures after an 
injury to the back of the head. With this he developed inability to eat certain 
types of food. He could eat only fruit and milk. The mere sight of anything 
else, especially fried or roasted meat, caused nausea and at times vomiting. 
\t an operation, bone splinters were removed from the occipital region; follow- 
ing this the jacksonian attacks ceased. With that the appetite perversion 
gradually disappeared also. 

The authors discuss the mechanism responsible for the disturbance of the 
appetite in these two patients and in others reported in literature. Some authors 
(Bechterew and others) suggest the relation of hunger sensations to definite 
circumscribed centers which control the secretory and motor functions of the 
stomach. Others (Pawlow) suggest the existence of definite physiologic (but 
not anatomically circumscribed) nutrition centers. They function on the basis 
if conditioned reflex mechanisms and are thus distributed all over the cortex of 
the cerebral hemispheres. Stimulation of these centers probably occurs from 
changes of concentration in the blood (so-called “hunger mixture” ). 

The authors reach the following conclusions: (1) The cerebral cortex plays 
an important role in the regulation of hunger. The presence of a “hunger 
mixture” in the blood alone could not be regarded as causative of hunger sensa- 
tions unless it acts on certain brain centers. (2) Disturbances of hunger sen- 
sation occur in cases of lesions of different parts of the cortex. (3) Disturbances 
of hunger sensation in diseases of the medulla oblongata may be due to lesions 
of the vagus nuclei or of the tracts connecting it with the midbrain. (4) Most 
cases of bulimia or acoria observed in brain diseases are related to traumas. 


MALAMUD, Foxborough, Mass. 
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Tue AFFECTIVE SYMPTOMATOLOGY OF DISSEMINATED Sclerosis: A STUDY OF 
100 Cases. SAMUEL SmitH Corrrett and S. A. Kinnrer WItson, J. Neurol. 
& Psychopath. 7:1 (July) 1926. 


One hundred consecutive cases of disseminated sclerosis were submitted to 
a complete neurologic and psychologic investigation. Many of these patients 
showed changes in prevailing emotional disposition, emotional expression and 
control, and sense of physical well-being. These affective symptoms are char- 
acteristic of the disease, are primary or direct results of the disease processes, 
and are completely independent of duration, degree, or clinical type. They are 
far more irequent than any single symptom of the neurologic series, and 
constitute a diagnostic triad of greater value than any neurologic symptom- 
complex. In a fair number of instances they precede the appearance of any 
somatic neurologic symptom, subjective or objective. The common feeling of 
emotional or affective well-being may be designated as euphoria sclerotica, 
and that of physical well being as eutonia sclerotica. The undue optimism 
exhibited by a majority of patients may be called spes sclerotica. In com- 
parison with these affective symptoms, intellectual disorders are minimal and 
negligible. The authors associate the invasion of the affective sphere with the 
known pathologic fact that the disease almost constantly shows a periventricular, 
subependymal spread, and the relative integrity of the intellectual faculties 
with the relative conservation of the cortex, unless, indeed, the disease is far 
advanced. Evidence is adduced which suggests that the affective symptoms 
are the outcome of invasion of the paleothalamus by the morbid process. The 
affective- symptoms may arise before structural disease of the neuraxis is 
clinically apparent, and can be set down to dynamic alteration of function 
of toxic origin. By analogy, it may be that certain psychoses and psycho- 
neuroses characterized by changes in the affective field have a toxic or toxi- 
structural and not a psychopathologic basis. Favitt, Chicago. 


Toxic MENINGITIS AND MENINGO-ENCEPHALITIS DvE To ASCARIS INFESTATION. 
FeLtrx Raupkepp, Fol. Neurop. Eston. 6:13, 1926. 


Nervous symptoms are fairly frequently observed in cases of ascaris infes- 
tation. They begin suddenly and often resemble acute meningitis, particularly 
tuberculous, but the course is benign, and recovery follows the elimination of 
the worms. 

The author reports a case in a girl, aged 7, who was somnolent and 
apathetic, and who suffered from headache and vomiting. There was weakness 
of the left side of the face, of central character, with bilateral nystagmus and 
ptosis on the left side. The right and left muscles of the external rectus were 
also weak, the trunk was deviated to the left; there was dysphagia and nasal 
speech. Both arms and legs were weakened, and the tendon reflexes were 
increased, with positive Babinski sign and clonus. There was some salivation 
and subfebrile temperature. The spinal fluid was under increased pressure, 
clear, and contained a number of cells, with normal albumin. Culture and 
smear were negative. The nature of the condition was not suspected, and 
treatment was started with methenamine and mercury. The complaint of 
abdominal pain caused examination of the feces, and many ascaris ova were 
found. The child was removed from the hospital before treatment became 
effective, but was returned in a week practically unchanged. Further anthel- 
mintic treatment was followed by the expulsion of a large number of worms, 
and from this moment the general condition of the patient became better, 
and the objective symptoms disappeared. 


The theories as to the causation of nervous symptoms in ascariasis comprise 
reflex stimulation of the nerve endings in the intestinal tract and intoxication 
by the endogenous products of the worms. In animal experimentation such 
intoxication can be brought about by the injection of extract of ascarides. The 
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changes in the cerebrospinal fluid certainly indicate the latter theory as the 
correct one. The reason that such intoxication does not take place oftener 
may possibly be due to the protective role played by the “barrier” of v. Monakov. 


FREEMAN, Washington, D. C. 


THE RELATION OF PATHOLOGIC AND EXPERIMENTAL CHANGES OF THE PHYSICAL 
RELATIONS OF THE SPINAL FLUID IN MAN TO Bopy TEMPERATURE. HERBERT 
STRECKER, Ztschr. f. d. ges. Neurol. u. Psychiat. 105:347 (Nov.) 1926. 


Strecker maintains that experimental changes in the physical relations of the 
spinal fluid in man produce characteristic temperature changes in all persons. 
This temperature change is a hyperthermia. In some circumstances a transitory 
hypothermia may occur, but the usual result is a hyperthermia. This hyper- 
thermia occurs as the result of a mechanical stimulation of the temperature 
center caused by a disturbance in the physical relations through withdrawal of 
spinal fluid in the lumbar region. This causes a decrease in the total amount 
of fluid in the cerebrospinal system with a resulting decrease in the capacity of 
the ventricles. As a result of this the ventricle walls are mechanically irritated, 
and it is this which causes the hyperthermia. At the same time, a change 
occurs in the vessels of the ventricle walls and an irritation of the nerve endings 
in the tela choroidea of the third and fourth ventricles. These two seem to 
play a part in heat regulation. 

In rapid withdrawal of large amounts of fluid, hypothermia occurs first in 
the majority of persons, which is followed later by hyperthermia. Morphine 
appears to lower the hyperthermia, so Strecker advises the use of morphine or 
other opiates to control high postoperative temperatures. He believes that 
many of the temperature anomalies observed in cerebral diseases can be 
explained on the basis of a disturbance in the cerebrospinal fluid equilibrium, 
since disturbances in this equilibrium may cause either hyperthermia or 
hypothermia. Philadelphia. 


CURVATURE OF THE SPINE FOLLOWING ENCEPHALITIS LETHARGICA. R. G. 
ABERCROMBIE, Brit. M. J. 1:174 (Feb. 4) 1928. 


Epidemic encephalitis in young people is occasionally followed by definite local- 
ized spinal curvatures, arising from muscular contraction. The most striking 
and characteristic deformity is an arched curve of the cervical spine, convex 
backward, often sufficient to bring the chin into firm contact with the front of 
the chest. Firmly contracted muscular masses can be felt on each side of the 
neck. On attempting to flex the head more the posterior spinal muscles contract, 
o that the head is held in its new position by the combined action of the muscles 
at the front and the back of the spine. By steady manual pressure the muscular 
resistance can be overcome and the deformity reduced. Another type is dorsal 
kyphosis with an inclination forward of the upper part of the body, resembling 
but more localized than that of paralysis agitans. Lateral curvature with rota- 
tion may occur in any part of the vertebral column. This may be localized to a 
few vertebrae but is never angular, and there are no compensatory curves such 
as one sees in scoliosis. All of these curvatures are believed to be due to a 
contraction of the prevertebral muscles. As time goes on the vertebrae tend to 
become wedgeshaped and distorted, and reduction is rendered more difficult and 
incomplete. The curvature is associated with hypertonus of the muscles of the 
limbs and uncurved portion of the spine; the tendon reflexes may be increased, 
clonic movements may be present and occasionally deformities of the limbs. 

The explanation is probably to be found in the tendency of epidemic encephalitis 
to attack the midbrain and the structures governing the postural reflexes and the 
automatic movements of the body. These muscular contractions may be in the 
nature of a return to a more primitive type of posture, that of the anthropoid. 
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Corrective apparatus should be used to overcome gradually the muscle contraction. 
The prognosis is doubtful; the condition in one case progressed in spite of treat- 
ment, it improved in two and remained stationary in two. 


PETERSEN, Montreal. 


FAMILIAL CLAw-Foot witH ABSENT TENDON-JERKS: A “FoRME FRUSTE” OF 
THE Disease. C. P. Symonps and M. E. 


SHAW, 
Brain 49:387 (Sept.) 1926. 


Twenty members of one family were studied, ten of whom presented posi- 
tive evidence of this form of disease. The clinical symptoms consisted of: 
pes cavus with claw-toes in all; absent tendon reflexes in most; achilles reflexes 
in all; atrophy in the anterior tibial, peroneal, and hand groups in a few mem- 
bers; fibrillary twitching in some of the affected muscles. The clinical picture 
in this family is exactly the same as that published recently by Roussy and 
Lévy as the familial occurrence of claw-foot associated with absence of deep 
reflexes. Two other cases, similar to those mentioned, are likewise presented 
by the authors. 

The clinical symptoms as presented by Charcot, Marie and Tooth show the 
atrophy to be more extensive than in the present cases, and the pes cavus was 
not described, the deformity of the foot being described as equinovarus. The 
pathologic changes as described by most observers are: degeneration of the 
posterior columns, atrophy of the anterior horn cells in the cervical and lumbar 
enlargements, degeneration also in the peripheral nerves. The authors regard 
their cases, as well as those of Roussy and Lévy, as “formes frustes” of the 
Charcot-Marie-Tooth disease. The atrophy having commenced in the intrinsic 
muscles of the feet, and thus having caused bilateral pes cavus, has 


become 
arrested at this stage. 


Stack, Milwaukee. 


CARDIOVASCULAR DISEASE AS A COMPLICATION OF (GENERALIZED NEUROFIBRO- 


MATOSIS. G. F. CLARK, AND E. G. WAKEFIELD, Arch. Dermat. & Syph. 
13: 806 (June) 1926. 


Two cases of generalized neurofibromatosis are reported in detail, in one of 
which the possibility of involvement of the central nervous system was suggested 
by the gradual development of tinnitus, vomiting and progressive failure of vision, 
general weakness of facial and ocular muscles, internal squint of the left eye and 
bilateral corneal anesthesia. This patient also had a pulse rate of 106, cardiac 
enlargement, systolic pressure of 260, diastolic, 170, and examination of the eye 
showed many small areas of hemorrhage with retinitis. There was no choking 
of the disks, no evidence of renal disease and the patient was otherwise normal. 
In the second case the patient showed shortness of breath and palpitation, but, 
aside from cardiac hypertrophy and auricular fibrillation, was healthy. Atropine 
was given in the first case but had no effect on the blood pressure or the pulse 
rate. Rest and digitalis therapy were tried with the second patient without benefit. 

The historic, anatomic and pathologic aspects of this disease are considered, 
with special reference to the vascular and vasomotor disturbances which the authors 
would consider secondary to involvement, by neurofibromas, of the vagus and 
sympathetic nerves rather than to involvement of the endocrine glands. 


KUBITSCHEK, Philadelphia. 


CASE OF FRACTURE OF SKULL FOLLOWED BY THE PRESENCE OF AIR IN THE CRANIAL 
Cavity. R. D. Moruersore, Brit. J. Surg. 15:514 (Jan.) 1928. 


On Nov. 24, 1926, the patient suffered a severe accident while riding a 
motorcycle. When taken to the hospital he was in a state of shock, had 
numerous abrasions and fractures of the right femur, right radius and body 
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of the right scapula. On December 1, the right femur was successfully plated, 
and on Jan. 25, 1927, the patient was discharged. On Dec. 11, 1926, while still 
in the hospital, the patient said that he had a discharge from the nose every 
morning; he complained of headache, and his wife noticed mental changes. 
There was also diplopia for some time after the accident. On Feb. 1, 1927, 
a slight depression was noticed in the right frontal region. Roentgen-ray 
examination showed a pale area, roughly circular, about 2 inches in diameter 
in the anteroposterior view and oval, 3 by 1% inches, in the lateral view. 
There was the appearance of thinning or absence of bone in this area. On 
March 10, the patient said that he could hear a splashing when he moved his 
head, and this was audible to an examiner 3 feet away. On April 16, roentgen- 
ograms no longer showed the shadow. The following diagnosis was made: 
entry of air into the cranial cavity through a fracture involving the right 
frontal sinus. The author said he believed that the air was extradural. 


PETERSEN, Montreal. 


INTRAVENTRICULAR HEMORRHAGE. IRviING SANDS and Max Leperer, J. Nerv. & 
Ment. Dis. 65:360 (April) 1927. 


The authors report three cases of intraventricular hemorrhage and find 
premonitory symptoms absent. Headache, dizziness and fainting spells point 
usually to cerebral arteriosclerosis. In one case, in which aneurysms were 
found, a chain of symptoms frequently observed in cases of ruptured intra- 
cranial aneurysm was presented. The acute onset of cranial symptoms in a 
man with known cerebral arteriosclerosis, the suspected intracranial aneurysm, 
with the early appearance of coma, persistent bloody spinal fluid, the presence 
of repeated tonic spasms of the entire somatic musculature and absence of 
classic signs of paralysis should lead to the diagnosis of intraventricular 
hemorrhage. 

The leukocytosis in one of the cases is illustrative of the general leuko- 
cytosis that occurs after severe hemorrhage, which has been ably discussed by 
Musser. The sustained elevation of temperature is explained by the toxic 
effect of the liberated blood and by pressure and irritation of the blood on 
the area of the tuber cinereum, which is said to contain thermotactic centers. 
The failure to find the bleeding points in the first two cases is attributed 
to the otherwise sound policy of the immediate fixation of the brain in 


tormaldehyde Hart, Greenwich, Conn. 


Optic NEURITIS AND SPHENOIDAL Sinusitis. A. C. ReEEs WALTON, Brit. M. J. 
1:13 (Jan. 7) 1928. 


The case reported is that of a patient who was admitted to the hospital 
with morning nausea and vertigo of twenty-one days’ duration, frontal head- 
ache of fourteen days’ duration and sudden partial loss of vision in the right 
eye for three days. There was a history of chronic nasal catarrh for a few 
years. Vision in the right eye was 6/8 and in the left 6/6. There was slight 
narrowing of the temporal half of the right field of vision; the left field was 
normal. Both fundi presented engorged veins, full arteries and scattered hemor- 
rhages. Swelling of 4 diopters was observed in the right eye, while the left 
disk exhibited an area of edema in its nasal half. Roentgenograms of the 
sinuses were normal, and there was no evidence of increased intracranial 
pressure. Remissions and exacerbations occurred, and at each of the latter 
there was an increase in nasal catarrh. Finally a septal spur on the left 
turbinate was removed. The left sphenoidal sinus was found to be enlarged 
and infected; the right was involved to a less extent. After this treatment no 
further hemorrhages were observed, the headaches cleared up and three months 


late fundi looked normal. 
ater the fund PETERSEN, Montreal. 
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INVESTIGATION RELATIVE TO BaActttus WeEtcHir INFECTION OF THE INTESTINAL 
TRACT AS THE Factor IN Pernicious ANEMIA. Rosert N. 
Nye, J. Clin. Investigation 4:71, 1927. 

The conclusions reached in this article are: “In stools from cases of 
pernicious anemia there is a great increase in the number of Bacillus welchii 
spores as compared with normal stools and stools from the majority of cases 
of miscellaneous disease. This same increase in B. welchii spores is also 
present in stools from cases of gastric achylia without pernicious anemia. Counts 
of vegetative forms would seem to indicate that in any of the above conditions 
the number of active or vegetative forms of B. welchii present in the stools 
are practically the same. On the basis of the above observations and the tendency 
of B. welchit to form spores in alkaline media, it seems logical to assume that 
the spore increase in pernicious anemia is secondary to the gastric achylia rather 
than indicative that pernicious anemia is caused by chronic intestinal infection 


with B. welchii.” 
3. Coss, Boston 


TREATMENT OF NEUROSYPHILIS BY MALARIA. O'LEARY, GOECKERMAN, PARKER, 
Arch. Dermat. & Syph. 14: 550 (Nov.) 1926. 


The authors report the results of treatment in a group of thirty-five cases 
after a two year period of observation. Of the twenty-four cases of general 
paralysis, in 41 per cent of the patients the condition was in the stage of complete 
remission, 41 per cent were definitely improved, 9 per cent were not benefited and 
12.5 per cent had died. None of these patients had shown a relapse during this 
period. Three patients with optic atrophy showed little or no further loss of 
vision. Gastric crisis pains were much diminished, and in a large percentage of 
the cases there was serologic improvement. 

Some observations were also made on a group of sixty-five patients in the 
first year of treatment. Five deaths occurred in this group, but the percentage 
of favorable results was also satisfactory. The authors express great satisfaction 
with this method of treatment, advocating the addition of antisyphilitic treatment 
for a period of several months after recovery from the malarial treatment. 


KuBITSCHEK, Philadelphia. 


A Note on Nicutr Terrors. J. W. SHACKLE, Lancet 1:271 (Feb. 11) 1928. 


From subjective accounts of night terrors and nightmares, vividly remembered 
from childhood, the author attempts to draw a dividing line between the two 
conditions. Briefly stated, the chief distinction is that a nightmare may occur 
on any night, but especially after excitement: or digestive disturbance, and may 
be repeated several times in the same night, giving no warning of its approach; 
definite visual hallucinations may be seen. The night terrors, on the other hand, 
did not present any visual images, occurred only once in the same night and 
always gave warning of their approach. Their features were more or less con- 
stant. It seems possible that the night terrors are the expression of a form of 
migraine; the aura and visual images offer evidence in favor of this view. Som- 
nambulism is regarded by some as an associated disorder, but the two occasions on 
which the author walked in his sleep did not coincide with night terrors. The 
fact that only one attack occurs in a night is against the idea that these may be 


due to an acidosis. 
PETERSEN, Montreal. 
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ToRsION SpasM. Presented by Dr. HEUYER and MLLe. BADONNEL. 


A woman, aged 22, whose mother was psychotic and in whose ancestry there 
were other cases of psychosis and epilepsy, developed convulsive seizures at the 
age of 9 which continued until the age of 18. At the age of 17, she had an 
episode with auditory and visual hallucinations but apparently had some insight 
into their imaginary character. She was subject to spells of depression with ideas 
of suicide, but she had not attempted to commit suicide. At the age of 16, she 
had crises of somnolence during the day, with insomnia at night, and at 21, while 
in a hospital, she had the same conditions. At about this time she had diplopia, 
headache and vertigo. When she was first seen in May, 1926, she complained 
of crises of suffocation, with paresthesia and cramps in the left side. Physical 
examination revealed scoliosis with hypotonia on the left side, lively tendon reflexes 
without plantar extension, and slight inequality of the pupils, but no other signs. 
A month later, she noted that there was a continual tendency for the head to 
draw over to the left shoulder. By October, this had become well pronounced 
and in the following months definite torsion spasm of the left side developed, with 
a strong tendency for the head to draw over to the shoulder. Contracture developed 
in the arm, producing flexion of the arm and fingers, and in the leg, interfering 
with walking. The reflexes were not affected in the upper limb and seemed fairly 
normal. There was no disturbance in the postural reflexes. The spasms were 
produced by spontaneous or voluntary movement, even without known cause, were 
extremely forcible and were sometimes associated with crises of trembling which 
began on the left side and extended to the right. These movements interfered with 
walking. Little was noted of the parkinsonian syndrome. There was a suggestion 
of a cogwheel phenomenon and the orthography was somewhat similar, but the 
tremor was not characteristic. 

The condition was evidently dystonia of encephalitic origin, but when one looked 
for the objective signs they could not be found. Neither the pyramidal nor the 
extrapyramidal system seemed to be affected. The paretic contracture of the limbs 
apparently obeyed no rule, and obviously the suggestion of pithiatism was enter- 
tained. However, the progressive evolution of the condition and the tendency to 
form a permanent contracture was sufficiently remarkable to make a diagnosis of 
encephalitic torsion spasm practically certain. Treatment was wholly ineffective, 
and the course was progressive. 


TORSION SPASM IN THE NECK DvE TO MiLp ENCEPHALITIS. 


Presented by 
Dr. FrrpourG-BLANc and Dr. J. PIcarp. 


A soldier, aged 22, complained of spasm of the muscles of the neck provoking 
great extension of the head and slight torsion. It had appeared four years earlier 
and was aggravated in 1927 by an intercurrent attack of encephalitis. In 1918, 
during the influenza epidemic, he was attacked by this disease, and his brother had 
frank encephalitis, so that it seems probable that the patient was also infected at 
the same time. Treatment has been unavailing. 


| 
| 
| 
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E1cGHT TUMORS OF THE FRONTAL LoBE LOCALIZED AND OPERATED ON IN 1927. 
Presented by Dr. VINCENT and DR. DE MARTEL. 


Tumors of the frontal lobe can be localized much more often than is generally 
recognized. Those adjacent to the motor region provoke convulsions, dysarthria, 
localized weakness and occasionally psychic auras. Those deep in the frontal lobe 
provoke generalized convulsions and disturbances in character, which are often the 
cause of the patient being considered psychotic or hysteric. Occasionally, some 
splitting of the personality may be present or spatial disorientation. The tumors 
growing beneath the frontal lobe, which are usually meningiomas, provoke mental 
disturbances that resemble those of dementia paralytica, and frequently exoph- 
thalmos, with primary optic atrophy, anosmia and a sort of tremor of one or both 
hands, increased by emotional stress, interrupted at will but returning when the 
patient’s attention is distracted. Among the eight cases, three were cases of endo- 
thelioma, one a small cell glioma and one an epithelial neoplasm probably springing 
from the ependyma. The tumor was removed completely twice and partially 
removed three times. The postoperative course was not recorded. 


THALAMOSUBTHALAMIC SYNDROME: ATAXIA, INTENTION TREMOR, CEREBELLAR 
PHENOMENA; PERSISTENT INSOMNIA. Presented by Dr. LHERMITTE and 
Dr. MUGNIER. 


\ man, aged 65, complained of inability to walk, which had developed suddenly 
about a year before the present illness, with loss of consciousness and weakness and 
rigidity in the left arm. At the time the left hemiplegia developed there was 
diplopia, which disappeared in about two months. The paralysis subsided to a con- 
siderable degree. The patient had not complained of pain. For the past year he had 
noted tremor of intention type in the left arm, which interfered with delicate move- 
ments. Examination disclosed reduced muscular power with increased tonus and 
definite atrophy of the affected limbs. The reflexes were exaggerated, with ankle 
clonus and a definite Babinski sign. Superficial and deep sensibility was retained, 
even in the joints. Subjectively, there was some formication and feeling of cold in 
the left side. The patient presented dymetria in the arm and leg, with decomposition 
of movement and considerable tremor, identical with that of multiple sclerosis. Asso- 
ciated with the tremor, there were choreiform movements somewhat like those 
observed in ordinary chorea, together with peculiar instability. The left pupil was 
smaller than the right and reacted feebly to light; there was some atrophy of 
the disk but no diplopia. Mentally, the patient seemed normal for his station. The 
patient still had severe insomnia and was troubled by nightmares. 

The symptom-complex clearly indicates a disease of the subthalamic pathways, 
with temporary involvement of the oculomotor mechanism. It corresponds closely 
with those previously reported by Foix and his collaborators and described also 
as the syndrome of the thalamohypothalamic cross-roads. 


CRURAL PARALYSIS FOLLOWING UNILATERAL ARTHRITIS DEFORMANS OF THE 
Dorso-LUMBAR SPINE. Presented by Dr. LHERMITTE and Dr. KyrRIaco. 


While muscular weakness and atrophy are frequently observed in the upper 
limbs as the result of spondylitis, the condition is found less frequently in the lower 
limbs and is rarely limited to one side. A patient, aged 54, complained of 
severe pain in the lumbar region for a short period before being suddenly affected 
by giving way of the left leg. Within two weeks he was practically unable to go 
upstairs and notable atrophy of the quadriceps was present on the left side. The 
muscle was weak and its tendon reflex was absent. Disturbances in sensibility 
were not found; electrical reactions were normal except in the quadriceps. Nothing 
was found in the pelvis, although the roentgenogram of the vertebral column 
showed marked hyperostosis with deformity on the left side. The treatment given 
consisted of the administration of mesothorium and iodides by mouth. The patient 
improved progressively, but there was no increase in the size of the muscle or return 
of the reflex for six months. A year later, little difference was noted between 
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the two sides, and the patient considered himself cured. The muscular condition 
was probably due to pressure on the nerve trunks which formed the lumbar plexus, 
and relief of this pressure was followed by recovery. 


NEvuRITIC ATROPHY OF THE INFRASPINATUS FOLLOWING INJECTIONS OF SERUM 
AND VACCINE. Presented by Dr. LAIGNEL-LAVASTINE and Dr. JEAN RAVIER. 


A young man complained of pains in the back coming on during walking and 
standing and located principally in the lumbar region. Probably this was due to 
sacralization of the fifth lumbar vertebra. The examination, however, revealed 
considerable atrophy of the infraspinatus on the right side. During the war and 
during epidemics, he had received several injections of serum and vaccine on this 
side. Two years after the last injection, he had mild discomfort of neuralgic char- 
acter in the region of the scapula, which lasted for a few weeks and then dis- 
appeared. There was no disturbance in function of the upper limb and no fibrilla- 
tion in the affected muscle. No deformity of the cervical or thoracic spine was 
noted. The spinal fluid was entirely normal. The explanation of the condition 
may be a neuritis provoked by repeated injections into the same area. 


CHRONIC CHOREA: CIRRHOSIS WITH HEPATIC ADENOMA. Presented by Dr. 
BABONNEIX and Dr. WIDIEz. 


The association between cerebral disorder and the cirrhoses has been known 
since Wilson’s work, but apparently this is the first case in which chronic chorea 
was associated with a hepatoma. A woman first noticed involuntary movements 
at the age of 54, and when seen five years later presented a characteristic picture 
of chronic chorea. She was in poor health — pale, emaciated, with a blood pressure 
of 127 and a pulse rate of 82 
after admission to the hospital. 


and died from bronchopneumonia rather soon 
The liver was small, nodular and extremely tough. 
In the left lobe was a small, rounded, yellowish adenoma. There was marked 
atrophy of the lenticular nucleus. Histologic examination revealed numerous areas 
of disintegration, with dilated perivascular sheathes, reduction in the number of 
large and small cells and some demyelinization and diffuse gliosis. The liver 
showed marked degeneration, with reactive sclerosis, producing severe cirrhosis 
with fatty changes. The adenomatous nodule presented an appearance which was 
that of hypertrophic cirrhosis rather than of true adenoma. 


INFUNDIBULOTUBERAL SYNDROMES (DIABETES INSIPIDUS AND ADIPOSOGENITAL 
DystropHy). Presented by Dr. Roussy, Dr. HUGUENIN and Dr. Rogues. 


The infundibulotuberal syndrome has been well demonstrated experimentally 
by Camus and Roussy and has been observed in man. The statement as to its 
hypophyseal origin has had to be abandoned, and the cellular masses of the floor 
of the third ventricle have been incriminated. The patient in question was a 
woman, aged 32, who, in 1921, suffered abolition of menstruation, severe polydypsia 
and polyuria with considerable obesity. There were no premonitory signs. She 
was 159 cm. tall and weighed as much as 103 Kg., although formerly she had 
weighed 60 Kg. The fat was laid down — particularly in the lumbar region, the 
lower part of the thighs, the pubic area and the abdomen —in apron fashion. 
The face and the extremities were less affected. There was no abnormality of 
the skin except for xanthosis of the eyelids. The menses ceased abruptly, although 
for the two months preceding there was menorrhagia. With the cessation of 
menstruation, there were no functional disorders such as frequently follow castra- 
tion. At the present time, she shows no hirsutism or virilism. The polyuria 
began abruptly, and within a few weeks she was passing about 9 liters of urine, 
and several months later from 16 to 18 liters. She was certain that the thirst 
appeared first. She suffered a sudden lively thirst, felt the necessity of drinking 
deeply, and, following this only, the quantity of urine increased. The polyuria 
has proved continuous and has been influenced only by specific treatment. The 
patient passes urine frequently, but this is on account of the enormous secretion, 
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since sometimes she passes 4 liters at a time. The distention of the bladder 
was acquired after some time. The urine, on examination, showed a normal 
excretion with considerable dilution. Thirst is imperious. The patient wakens 
several times during the night and drinks only cool water. There is no indication 
of intracranial tension, not even headache. The patient’s sleep rhythm is good. 
There is no disturbance in vision or in the intellectual faculties. The blood 
pressure, pulse and respiration are normal. There is a little swing in the tempera- 
ture. Lumbar puncture, cerebrospinal fluid, the Wassermann reaction and blood 
chemistry are all normal. Treatment with pilocarpine, atropine, tyrosine, mercuric 
cyanide, arsphenamine and lumbar puncture have done no good. The extract of 
the posterior lobe of the hypophysis brought about a slight shock, which began 
ten minutes after the injection and lasted for two or three hours. About an 
hour and a half after the injection the thirst diminished and the patient was 
able to go through the night without drinking. The next day, however, the thirst 
returned. The amount of urine excreted fell from 18 to 2 liters, but increased 
again after three or four days. She was submitted to roentgenotherapy, and 
the urinary output, after a slight preliminary rise, fell abruptly to about 7 liters 
and the weight from 96 to 85 Kg. Since this treatment, the output of urine has 
been exactly equal to the intake of fluid. Recently the injections of solution of 
pituitary have been repeated without shock to the patient, and the urinary output 
has fallen to 3 liters. Moreover, the effect is of longer duration than before, the 
diuresis beginning only after four or five days. 


PSEUDOTABETIC VERTEBRAL ARTHROPATHY IN SYRINGOMYELIA. Presented by 
Dr. Cornit and Dr. FRANCFORT. 


Although scoliosis is classical in syringomyelia, the presence of vertebral 
arthropathy is exceptional. The patient presented a well developed case of syringo- 
myelia, with large, flattened finger-tips and a scar from a burn on the right 
hand. The sensory dissociation was extensive; cold and heat were not felt. 
Simple touch was easily perceived and objects were recognized by touch. The 
sensations of taste and smell were diminished; there was no ocular disturbance. 
The reflexes were active, but clonus or the Babinski sign was not present. There 
was marked kyphosis of the last thoracic vertebra, a bulging of the tenth, and a 
roentgenogram showed an angular deviation and subluxation of the tenth and 
eleventh thoracic vertebrae. These two vertebrae were more opaque than normally ; 
the tenth was thickened on the right, its inferior surface irregular and contour 
indefinite. The intervertebral space was in part filled with osteophytes. The 
patient did not suffer pain from this and continued his studies; he was admitted 


to the bar at the age of 22. 


HEMORRHAGIC ENCEPHALITIS SIMULATING CEREBRAL Tumor. Presented by 
Dr. Conos. 


A vroman, aged 40, had difficulty in walking and in speaking in December, 1925. 
At first the examination disclosed pupillary inequality, with sluggish reflexes, severe 
dysarthria, lively tendon reflexes and a negative Babinski sign. The results of 
the examination of the spinal fluid were normal. Mentally, the patient was 
confused, slightly disoriented, did not show hallucinations or delusions and was 
fully cognizant of her condition. Examination of the fundus revealed moderate 
choking of the disks and small exudates and hemorrhages. Late in the course 
of the disease, weakness and ataxia developed on the right side. This was asso- 
ciated with definite apraxia. She finally lost control of the sphincters and 
developed acute nephritis, which brought about her death in July, 1926. The 
clinical diagnosis was tumor of the corpus callosum. 

Necropsy disclosed several small areas of hemorrhage with cerebral softening, 
which under the microscope presented signs of disorganization without inflammatory 
infiltration. Many more hemorrhages were found than appeared grossly, and 
small aneurysms and actual vascular ruptures were frequent. 
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LINGUAL SIGNS IN FACIAL PALSIEs, 


Presented by Dr. Noica. 


In a severe case, if the patient is asked to open the mouth, keeping the tongue 
in with its tip behind the teeth, that half of the tongue on the paralyzed side is 
narrower. The uvula is slightly deviated to the healthy side; the palatine vault 
on the paralyzed side is flatter than that on the healthy side. This is accentuated 
by having the patient say “Ah.” If now the patient raises the point of the tongue 
or points it backward as far as possible, this movement will be incomplete. More- 
over, clucking is much weaker. The patient will be relatively unable to move the 
tongue rapidly from side to side, the movement being weaker on the diseased side. 
The folds in the skin about the angle of the mouth are less numerous. Move- 
ments of the tongue inside the mouth are weaker toward the paralyzed side. 

The explanation of these signs is probably to be found in the paralysis of the 
hyoglossus muscle particularly, although the styloglossus and palatoglossus muscles 
may also enter into the disturbance. The connections have already been worked 
out by anatomists, but the association of lingual disturbances with facial paralysis, 
has apparently been overlooked heretofore. 


PARKINSONIAN RIGIDITY AND DISORDERS IN MUSCLE METABOLISM. 


Presented 
by Dr. Cornit and Dr. VERAIN. 


Not satisfied with the observations on parkinsonism as a whole, the authors 
undertook a study of the blood of several patients who presented the unilateral 
parkinsonian syndrome. For purposes of control, blood was taken at the same 
time from the sound and the diseased arms. Study of dextrose, urea, calcium, 
potassium, fu and alkali reserve was undertaken, with the following results: 
Blood calcium was from 0.5 to 2 mg. higher on the affected side, though in one 
instance it was lower. There was no distinct variation in the px, and in one patient 
a therapeutic swing in the fu from 6.92 to 7.48 had no effect on the rigidity. 
Potassium was not studied sufficiently. Other substances did not show any great 
variation. The amount of dextrose was slightly greater on the affected side. 


NEW YORK NEUROLOGICAL SOCIETY 
Regular Meeting, Feb. 7, 1928 
Georce H. Kirsy, M.D., President, in the Chair 


[wo Cases or Precocious Puserty. J. M. McKInney (by invitation). 


Case 1—A boy, born on April 15, 1921, who weighed 46.3 Kg. and was 
141.5 em. in height, was presented. The body build was distinctly muscular 
and masculine. Pubic and axillary hair were both present. The penis and 
testes were large and well formed, and while erections were frequent, there 
was no history of ejaculations. The intelligence quotient was 95. Emotionally, 
the patient was overactive and excitable and demonstrated a marked attraction 
toward men; he showed little interest in girls and women. The blood chem- 
istry, blood count and analysis of the urine were all normal. The Wassermann 
reaction of the blood was negative. Roentgenograms of the skull and chest 
were normal. Neurologic and general physical examination did not reveal ; 
any pathologic changes other than those mentioned. 

The mother dated the increased rate of development from an attack of fever, 


convulsions and vomiting, which lasted twelve hours, when the patient was 
15 months of age. 


Case 2.—An infant, born Sept. 4, 1926, who weighed 17.7 Kg. and was 
89 cm. in height, was presented. His physique was sturdy, strong, big framed 
and muscular. Bony changes resulting from early rickets were present. 
There were a few coarse black hairs on the pubes. The penis and testes were 
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large and well formed, and approximately the size of the male genitalia usual at 
puberty. Erections were frequent, but no history of emissions could be obtained. 

A roentgenogram of the skull was normal; one of the chest showed the 
shadow of an enlarged thymus gland. The results of a neurologic and general 
physical examination did not reveal any pathologic conditions other than that 
already mentioned. 

There was a history of stridor which was relieved by radium treatments 
to the thymus gland; six treatments were given at monthly intervals. An 
increase in the size of the genitalia developed after the radium treatments were 
instituted. 

DISCUSSION 

Dr. WALTER TIMME: Precocious puberty is comparatively frequent, and 
there are a number of factors to be considered. One factor is a precocious 
pineal involution; the next is the suprarenal cortex, and the third is the rapid 
diminution of thymus activity. Experimentalists have shown with animals 
that a rapid increase in the genitals is produced either by extirpation of the 
thymus or by radiation of the thymus. Case 2 falls in this category. Another 
interesting fact in this case is the calcium metabolic disturbance shown in the 
bow-legs of the child. With precocious genital development marked calcium 
metabolic disturbance is frequent, usually a deficiency. I once saw a young 
girl who had begun to menstruate at the age of 6 months and had continued 
regular menstruation until I saw her at the age of 19; at that time the excessive 
flowing, which was always accompanied by a loss of calcium, had so diminished 
the calcium assets that she had osteomalacia, for which all kinds of treat- 
ments had been inaugurated without the realization that the catamenia were 
producing the calcium loss. 

Case 1 is interesting, not only from the standpoint of the excessive genital 
development, but also from the interesting muscular development. It has been 
my experience that early pineal disturbance is accompanied by great muscular 
disturbance, usually, however, not altogether of this character, although | 
believe that perhaps the excessive muscular development now shown will later 
develop into one of the degenerative types of the nature of a dystrophy. With 
disturbed pineal function there is usually, early in life, an example of the 
inhibitory influence which the pineal plays on pituitary development. As 
soon as pineal involution occurs, the pituitary comes into its own; in this 


case, with the concomitant of precocious sexual development. The probable 
intracranial disturbance with vomiting and convulsions that was described as 
occurring early in life may have had its origin in some vascular lesion which 
may readily have influenced the pineal. This would give an interpretation 


of case 1. Both cases are interesting as they show the same end-result with 
different causative factors. 

Dr. JosHua H. Lerner: Eight years ago I read a paper at a meeting of 
this Society on “Pubertas Praecox with Especial Attention to Mentality.” This 
study was undertaken at the instance of Professor Hoskins, editor of the 
Journal of Endocrinology. The investigation went back to 1747, when reference 
was made to cases of pubertas praecox in the days of Antigonus and to Pliny, 
the elder, under the reign of Vespasian. This study showed that these cases 
are primarily gonadal, then pineal, and lastly cortico-suprarenal. Despite the 
muscular and skeletal development, the mentality is retarded or may correspond 
to the chronologic age. A few cases are on record in which the patients 
were apparently precocious mentally. The case of Frankl Hochwart is one 
in point. Because of the pineal involvement, Drs. Dana and Berkeley fed 
pineal gland to mentally backward school children.in New York. Dr. Goddard 
likewise did this at Vineland, N. J. The results are evidently unsatisfactory. 

The two cases presented by Dr. McKinney are gonadal as an end and 
not a primary result. When primary it is either due to neoplasm or to hyper- 
plasia. It would be interesting to investigate the seminal secretions for the 
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presence of spermatozoa. Some cases that were primarily 
the presence of spermatozoa. 


Mr. L. N. Yepsen: The child in case 1 has been at the Vineland, N. J., 
Training School since January 23. Dr. McKinney said he found an intelligence 
quotient of 95. A previous examination in June 1927, gave a Binet intelligence 
quotient of 73. Examination at Vineland in January, 1928, gave a Binet 
intelligence quotient test of 85, so there is a slight instability. This instability 
is brought out by other tests. The boy has not been classified as feeble- 
minded, but his general average places him between the ages of 5 and 6 years, 
indicating a slight retardation. In no tests did he fall below 4% years; in 
other tests he was about 6 years, which is relatively close to his chronologic 
age, a little over 6. The fact that he has a varying degree of intelligence 
quotient would indicate that he does bear watching, although I do not believe 
that the intelligence quotient is constant; it should, however, be relatively so 
He has not caused any trouble in the cottage. He has not been reported 
sexually delinquent, and has not masturbated so far as is known. The boys 
teased him at first, but he is adjusting himself well. He is not given intensive 
academic training, but only manual training at the present time. 


gonadal showed 


Dr. McKinney: The etiology of these cases is still obscure. It is inter- 
esting to note that in one case there is a history of convulsions, fever and 
vomiting, which the family attributes as the starting point of the abnormal 
development. In the other boy there was a much enlarged thymus, with 
stridor, which was treated with radium; the abnormal genital development followed 
the radium treatment. I think that this is substantial evidence for Dr. Timme’s 


explanation that the thymus has an inhibitory action on the development of the 
gonads. 


ScLEROsIS. Dr. J. H. GLosus and Dr. H. ZELINsky. 


The anatomic observations in an uncommon case of tuberous sclerosis 
occurring in an infant, aged 4 months, was presented. The case belongs to 
he clinically poorly defined group of instances of tuberous sclerosis in which 
onvulsive seizures and apparent mental retardation are the only clinical mani- 
estations. 

T. R., a boy, aged 4 months, the child of healthy parents was apparently 
ormal at birth, although labor was induced in the last month of pregnancy, 


because the mother had displayed toxic symptoms. 


Four days after birth, 
tne 


infant began to manifest convulsive attacks which occurred frequently. 
‘he child was thought to be blind and the head appeared somewhat larger 
than normal. 

When admitted to Mount Sinai Hospital at the age of 4 months, he was 


omewhat undersized and undernourished. The head was enlarged, the fontanels 


were open; the sutures were slightly separated and the frontal. slope was 
“hydrocephalic” in type. The skin was covered by a diffuse brownish erup- 
tion. The pupils reacted to light. All reflexes were intact. There was no 
evidence of meningeal irritation. A lumbar puncture yielded 10 cc. of clear 
spinal fluid, under somewhat increased pressure; it contained no cells. The 
\Wassermann test was negative. The urine showed a trace of acetone, occa- 
sional white blood corpuscles and hyaline casts. 

The case was regarded as an instance of internal hydrocephalus. 
after admission, the child’s temperature rose to 103.4 F. 
the chest reveaied early signs of a pneumonic process. 
grew steadily worse and death occurred in four days. 


The day 
An examination of 
The patient’s condition 


Comment.—In the literature, there are only a few cases of tuberous sclerosis 
in very young infants. In 1911, Fischer, in reviewing all the recorded cases, men- 
tions only five instances in which the disease process was found in infants below the 
age of 1 year; none of them offered clinical symptoms which could be of 
diagnostic value. It would seem, therefore, that at present with only meager 
and vague clinical data available, there are no definite means for the recogni- 
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tion of this disease in early infancy; but in many instances the presence of 
convulsive seizures and mental retardation, particularly when associated with 
blindness, justify the suspicion of tuberous sclerosis. P 

The common gross appearance of the brain in tuberous sclerosis is charac- 
terized by the presence of two types of lesions: (1) isolated convolutions on 
the surface of the brain, which are flattened, widened and definitely harder 
to the touch; (2) nodular elevations within the ventricular cavity, which take 
the character of coarse and irregular ependymal granulations and which some- 
times acquire a large size and the form of a cerebral neoplasm. 

The finer or histologic features in the areas of tumefaction are still more 
striking and may be briefly described as being characterized by: (1) lack of 
a normal cortical architecture, or disordered cellular arrangement so that the 
transition from the gray to the white matter is indistinct or completely lost; 
(2) dense glial proliferation; (3) the presence of anomalous cell forms, varying 
in number, such as the giant undifferentiated glia cells of a type seen in pseudo- 
sclerosis of Westphal and Striimpell, and giant monstrous nerve cells along- 
side undifferentiated neuroblasts; (4) the presence of neoplastic areas which 
acquire the character of true tumor formation, and (5) the aggregation of 
microglia in the ependymal granulations. 

These features, with the exception of the last two, were all present in 
the case described. 

DISCUSSION 


Dr. L. H. Cornwatt: This presentation is so complete and gives such 
a clear review of the clinical and anatomicopathologic features that it would 
be injudicious for me to attempt to add to it, and I certainly would not attempt 
to detract from it. I am completely in accord with the view that this is a 
case of tuberous sclerosis. One might speculate on just what happens in the 
nervous system that produces in some cases diffuse sclerotic changes in the 
whole brain; in others, tuberous changes, and in others, those neoplastic forma- 
tions that have been called to our attention by Dr. Globus under the designation 
of spongioblastomas. In some instances, the ganglion cells appear to bear 
the brunt, as in amaurotic family idiocy; in others, the white matter, as in 
Schilder’s disease. It seems to me that here is a problem to be solved; at 
the present time one can only meet it by conjecture as to what is back of 
these processes. What is it that interferes with the normal development of 
the ganglion cells in some cases, the myelin in others, and occasionally both? 
Obviously, morphology cannot give an answer, and one can only hope that, in 
time, some other field of scientific endeavor may yield this information. 

Dr. ARMANDO FERRARO: Several theories have been advanced concerning 
the etiology of this disease, but none seems satisfactory. In the beginning 
the inflammatory theory was advocated. Later, the neoplastic theory was 
tried, and finally Pellezzi placed it on the basis of an embryologic malforma- 
tion. It is difficult to agree with the inflammatory theory, as the signs of 
inflammation are usually lacking in most cases. I must, however, recall the 
fact that in some recently reported cases inflammatory changes in the presence 
of a severe degenerative process must be considered as an inflammation of 
the “symptomatic type” and not of the true inflammatory type. The condi- 
tion tuberous sclerosis has been named in England “epiloa” and constitutes 
a syndrome which includes convulsive seizures, mental deficiency, adenoma of 
the sebaceous glands and presence of nodules in the brain. The occurrence of 
the sebaceous adenoma tends to classify the disease toward the disembryo- 
plastic type of diseases, as sebaceous adenomas are to be considered germ 
plasm defects of the skin. There are several types of these adenomas; the 
adenoma involving especially the sebaceous glands, the type involving the hair 
follicles, and the type involving the fibrous tissue. This occurrence of germ 
plasm defect of the skin is important when one thinks that at the same time 
a condition of embryologic malformation in the brain itself is present. As one 
finds at the same time neoplastic features in the same tissue, jt becomes difficult to 
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establish a borderline between malformation and neoformation, thus upholding 
Cohnheim’s point of view that the borderline is almost impossible to establish 
between these two conditions. Tuberous sclerosis certainly gives an example 
of the difficulty of this distinction, as on one side there is malformation as 
represented by embryologic defect of the skin, and malformation in the brain 
tissue itself; and on another side, neoformation as shown by the presence of 
nodules in the brain in the ependymal wall and tumors in various organs 
of the body. As a fact, tumors of different types have been found in 80 per 
cent of the cases, in the kidneys, heart, suprarenals and other regions. 
Although, with Bielschowsky, I think that this is a blastomatosis, I think on the 
other hand that this conception is not entirely satisfactory. 

Will Dr. Globus tell us what he thinks of the relationship of tuberous 
sclerosis to von Recklinghausen’s disease; has he found any reaction of the 
oligodendroglia which he can consider of the hypertrophic type? 

Dr. H. A. Rirey: What was the age of the eldest patient with proved 
tuberous sclerosis? 

Dr. Gropus: We are in full agreement with what has been said; perhaps 
we would stress one point, that this is more likely to be a form of disseminated 
neoplastic change in the brain. It is in the nature of a gradual development 
if some embryonal rests leading to the formation of zones of tuberous struc- 
ture and sometimes, as we have had occasion to observe, to large tumor 
formation. We have a collection of five cases of tuberous sclerosis, in addi- 
tion to the case presented here, which show tumor growth; in each of these 
ive cases a diagnosis of tumor was made; operations were performed; the 
tumor was found, but in addition to the tumor there was later discovered 
evidence of tuberous sclerosis. 

As to oligodendroglia, it may be said that throughout the brain, outside 
the circumscribed typical areas of this disease, little change is to be seen. 
Perhaps the glia cells were a little more numerous, but it differed little from 
that found in any other disease process of the brain of a diffuse nature such 
1s tuberous sclerosis. Oligodendroglia did not show any change which would 
ustify a definite statement. Nor were there any other glial types, such as 
ompound granular cells or other form of phagocytic cell, which would tend 

» identify the disease as a degenerative process. As a matter of fact, we 
vere impressed with the lack of distinct glial reaction outside the tuberous 
areas. 

As to the relation to von Recklinghausen’s disease, I think much as does 
Bielschowsky, but I have no material with which I can support this view. 

I cannot give the age of the oldest patient with tuberous sclerosis; in our 
‘ollection the oldest person was about 45 or 47 years of age. Many instances 

tuberous sclerosis may go on unnoticed, as they may not show any of the 
typical features. 


SomME ASPECTS OF METABOLISM IN ACROMEGALY. Dr. Leo M. 


That the tendency to an increase in the basal metabolic rate exists in 
cases of acromegaly is proved by the fact that 45.8 per cent of seventy-two 
cases of acromegaly (hyperpituitarism with chromophil adenoma) showed a 
basal metabolic rate above +10 per cent, whereas 66.3 per cent of 107 verified 
cases of hypopituitarism with chromophobe adenoma showed a metabolic rate 
of below 10 per cent. 

Since the statement made by Magnus-Levy in 1897, however, the existence 
of an increase over normal in the basal metabolic rate of these patients, when 
admitted, has been assumed to be dependent on an overactivity of the thyroid 
gland. Indeed, the thyroid is often found to be enlarged in acromegalic persons, 
but almost invariably these glands prove to be typical colloid goiters when 
examined after operation or autopsy, instead of showing the changes to be 
expected in a hyperactive thyroid gland, although it must be admitted that 
partial thyroidectomy in acromegalic persons with goiters and increased metab- 
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olism may reduce the basal metabolic rate. Occasionally, moreover, the admin- 
istration of a compound solution of iodine may also lower an elevated 
metabolism in an acromegalic patient. 

On the other hand, operations on the chromophilic hypophyseal adenoma 
itself in cases of acromegaly in which the basal metabolism is elevated, even 
in the absence of a palpably enlarged thyroid, are followed by a fall in the 
metabolic rate almost as uniform and striking as after operations on the 
thyroid in cases of exophthalmic goiter. 

The chromophilic cells of the anterior lobe of the pituitary body are, there- 
fore, believed to secrete a substance which not only contains the hormone of 
growth, but which is capable of raising the basal metabolic rate. Whether 
it does so directly or through the intermediation of the thyroid cannot yet 
be positively stated. In either case, the elevation of the metabolic rate may 
properly be ascribed to the hyperpituitarism. 

Of 100 patients from Dr. Cushing’s clinic who had acromegaly, twenty-five 
proved to have a varying degree of glycosuria. This is in accord with the 
experience of others, for it is found in the literature that various estimates 
are made of from 12 to 40 per cent of acromegalic persons who are also 
suffering from diabetes mellitus. The question naturally arises whether the 
pancreas or hypophysis is at fault. The diabetes accompanying acromegaly 
has been found to respond less promptly to insulin than ordinary diabetes. 
And the diabetes of acromegalic patients is liable to waves of intensity and 
spontaneous recovery uncommon in uncomplicated diabetes. 


Acromegalic patients, moreover, even without glycosuria, prove to have a 
lowered capacity for the metabolism of carbohydrates as shown by sugar 
tolerance tests, whereas patients with the reverse condition, hypopituitarism, 
have a high or at least a normal tolerance for sugar. The charts from six 
patients with acromegaly showing the sugar tolerance curve both before and 
after partial surgical removal of the acidophilic adenoma of the hypophysis 


indicate in a striking way an increase in the power to metabolize carbohydrates 
following operation. 

The conclusion drawn from the foregoing fact is that the diabetic manifes- 
tations in cases of acromegaly are primarily of hypophyseal origin, even 
though the pancreatic islets doubtless play a secondary role. 


DISCUSSION 


Dr. WALTER T1MME: Dr. Davidoft’s paper throws a great deal of light on 
some of the extremely complex problems that acromegaly presents. There 
are many etiologic types of acromegaly. They are all the same in their end- 
results, that is to say, in the grossness of feature, in the lack of tolerance 
for carbohydrates and other features. Yet they do not all reach the same 
terminal stage, nor are they all actually disease processes. Some of them 
are undoubtedly compensatory processes; when the compensation is complete 
the acromegaly ceases to increase, and the patient lives a normal life in 
practically all respects, with the exception that the grossness of the features 
persists. That is to say, the sugar tolerance again assumes a more or less 
normal curve; the headaches diminish. 

From a study of a large number of acromegalic persons that I have made 
I have come to some moderately definite conclusions regarding causation, 
particularly from studies of the metabolism. In the goiter belts of this country, 
with the lack of iodine and the presence of colloid goiter that follows this 
diminution in activity of the thyroid, certain compensatory results are initiated. 
One is in the hypophysis, particularly in the anterior lobe. I have observed 
cases which came to autopsy following some intercurrent lethal disease, in 
which the anterior lobe of the hypophysis showed colloid masses similar to 
the colloid one finds in the thyroid. When this condition arises, that is to 
say, when this secondary enlargement of the hypophysis occurs in a way more 
or less compensatory to the diminished thyroid activity, or as it sometimes 
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does secondary to a diminished suprarenal activity, certain features present 
themselves. I will describe one case which is illustrative of many of these 
factors. This was the case of the wife of a Cornell professor. She was 
referred to Dr. Tinker in Ithaca for an operative procedure because of acro- 
megaly, intense headaches, lack of sugar tolerance, double choked disks (from 
2 to 3 diopters), bitemporal hemianopia and mental confusion. She also had 
a colloid goiter, and Dr. Tinker was not satisfied that an operation on the 
hypophysis would completely relieve the symptoms. Laboratory studies 
revealed an increased metabolic rate which varied from +17 to + 25. When 
[ saw her, in spite of the increased metabolic rate which would fit into the 
picture that Dr. Davidoff has presented here, she appeared to me like a person 
suffering from myxedema. The first step in treatment was to give iodine 
and thyroid. In spite of the increased metabolic rate, this paradoxic result 
was produced—the basal metabolic rate diminished from +18 or + 20 to 
normal, and hovered about the normal point. With the decrease in the basal 
metabolic rate, the double choked disks began to disappear. The fields, which 
were limited temporarily, became rounded out; the headaches diminished; 
the patient made a complete recovery from the symptoms of acromegaly with 
all the metabolic changes, including glycosuria. This was eight years ago, 
The patient is still alive and well, although occasionally she has a recurrence 
of some of the symptoms, notably the headache. Always, on the administration 
of thyroid with some iodine, these conditions are relieved so that now twice 
a year she is given these medicaments for a month or two. Why did the 
administration of thyroid and iodine result in lowering the metabolic rate? 
Dr. Davidoff has given the answer. This series of patients practically proves 
that persons with acromegaly and acidophilic adenomas have a high basal 
metabolic rate. Thyroid medication diminishes the necessity for pituitary 
compensation, and so an absorption or a retrogression of the hypophyseal factor 
takes place. Occasionally, one meets with patients who present some of these 
symptoms and not all; they practically all come from those regions in which 
goiter is prevalent. This discussion refers only to the compensatory type 
acromegaly. 

One of my recent patients had descended from a Swiss family, in which 
goiter, was common and in the third generation of which acromegaly had 
become associated with colloid goiter. An examination is never complete 
with the mere facts concerning the patient; one needs to know something 
§ the family history, the environmental disturbances, and the place of birth 
to enable one to secure a complete picture of the acromegalic process. In 
this particular case the acromegaly was not a disease per se but a compensatory 
process which was relieved 
longer present. 

In regard to sugar tolerance, I think that the problem is fraught with so 
many possibilities that it is difficult to crystallize one’s opinion as to the 
reason for the sugar intolerance shown by these patients. Probably the best 
reason advanced is that given by Dr. Davidoff that it is due to an antagonism 
between the acidophilic pituitary tumors and the islands of the pancreas. Even 
here, however, there are exceptions. An occasional case is observed in which 
there is an intense growth in early life, a condition of giantism accompanied 
by sugar intolerance with a high blood sugar curve. Pituitary extract given 
hypodermatically, interestingly enough, often diminishes that sugar curve 
against all rule. Feeding of pituitary substance increases the tolerance so 
that the sugar curve flattens. A study of all angles of these cases, particularly 
the etiologic one in acromegaly, gives one an insight into the interrelations of 
the endocrine glands probably better than in any other study. There is so 
much involved of every one of the other endocrine structures that it pays 
tremendously to study intensively these cases. 


when the necessity for compensation was no 


Dr. ARMANDO FERRARO: I will limit my remarks to the carbohydrate metab- 
olism. Dr. Davidoff has pointed out that there is a high percentage of diabetes 
mellitus in pituitary conditions of the acromegalic type; in the literature, this 
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occurrence has been considered as high as 40 per cent. I must say, however, 
that in other conditions of hypophyseal involvement, not of the acromegalic 
type, a high percentage of glycosuria has also been reported; this is important 
as it points out that glycosuria may occur in cases other than those in which the 
anterior lobe of the hypophysis shows the acidophilic type of adenoma. Dr. 
Davidoff, in accordance with Dr. Cushing, believes that in hypophyseal involve- 
ment, glycosuria is the expression of hyperactivity of the hypophysis, i. e., of 
the anterior lobe, and that in conditions of hypopituitarism, a condition of 
hypoactivity of the gland, the opposite condition occurs, i. e., an increased 
tolerance for carbohydrates. As I said, in the literature, cases have been 
reported in which, following tumor pressure or involvement of the pituitary 
region, glycosuria has been reported; on the other hand, cases of hypopituitarism 
have been reported in which not only increased tolerance for carbohydrate 
was absent, but glycosuria was present. Experimentally, also, in hypophysec- 
tomized animals, authors have reported that no changes have occurred in carbohy- 
hydrate metabolism. These facts carry some doubt as to a simple hormonic 
explanation of the disturbed carbohydrate metabolism in pituitary conditions, thus 
rendering necessary a different explanation—the stimulation of the terminal 
nerve endings which are present in the anterior and posterior lobes of the 
hypophysis. These nerve endings have been described recently by Pines and 
Grevin. Connections have also been established between the hypophysis and 
the nucleus supra-opticus along the tractus supra-opticus. Besides, connections 
seem to exist between the supra-optic nucleus and the nucleus paraventricularis, 
thus putting the hypophysis under the control of the periventricular substance, 
which is connected also with the nuclei of the tuber cinereum. It is then 
possible that the whole control of the sugar metabolism may depend on a 
direct stimulation of the centers mentioned more than on a direct hormonic 
action of the hypophysis itself. 


Dr. DavinorF: In the 100 cases that I had the opportunity of studying, I 


think there were two or three patients who gave a history of enlargement of 
the thyroid before the pituitary symptoms occurred. In all the others, as far 
as I was able to tell, the pituitary symptoms came first, but that there was 
an undoubted connection I am convinced. It was interesting to hear Dr. Timme 
say that his case appeared so much like a case of myxedema that he admin- 
istered thyroid. Myxedema is so striking a feature of acromegaly that Dr. 
Cushing is inclined to speak of it as “acromegalic myxedema.” It is also 
interesting to note that this myxedematous appearance in acromegaly dis- 
appears after removal of the pituitary tumor, especially in the cases in which 
the excision of tumor tissue has been radical. In the case I spoke of, for 
example, the young girl who had a relatively small tumor for which a radical 
operation was done, the size of the hands and feet and the grossness of the 
features decreased markedly; this was thought to be due to the loss of the 
peculiar myxedematous infiltration of the subcutaneous tissues. At the clinic, 
we were so impressed by this fact that, in a moderate number of cases, we 
made plaster casts of the hands before and after operation; they have shown 
a distinct difference in size. 

I would like to remind Dr. Ferraro of what Dr. Timme has said about the 
involvement of all endocrine glands in cases of pituitary disease. The situa- 
tion is most complicated when one deals with pituitary disease, and it is for 
that reason that in looking over material for comparison with the acromegalic 
patients I have taken only cases believed to be strictly hypopituitary, that were 
proved at operation to show tumors of the chromophobe type, and that clin- 
ically presented symptoms which are directly opposite to those of acromegaly. 
In 168 of these cases, I found only four with traces of glycosuria. All the 
others showed none, as compared with 25 per cent of acromegalic persons with 
glycosuria. It is increasingly interesting in this respect that after analyzing 
the pathologic material from the chromophobe tumors I found occasionally 
in the patients with glycosuria, dustlike chromophilic granules; I am inclined 
to believe that the difference between acromegaly and so-called hypopituitarism 
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with adenoma is possibly one of degree, so that one may have cases from 
absolute hypopituitarism with chromophobic tumors showing no granules, and 
those showing some granules, all the way through to the complete acromegaly. 


COMMUNICATING HyproceEPpHALUS 


(So-CALLED HyprocEPHALUS). 
Dr. JosepH H. Grosus. 


Five cases of hydrocephalus of the communicating type have been studied. 
In two instances there was almost complete obliteration of the subarachnoid 
channels, particularly at the point of their origin from the cisterns. There 
were no inflammatory reactions in the meninges or the brain and in the absence 
of a history of an acute infection, together with the presence of other features 
of malformation, the condition was regarded as a developmental failure of the 
subarachnoid space to attain normal potency in its distributing channels. The 
third case was of similar character, but some of the channels were open and 
the hydrocephalus was less marked. The fourth case was an instance of the 
acquired form of hydrocephalus caused by meningococcus meningitis; the 
fifth, also an acquired hydrocephalus, was the result of trauma and subarachnoid 
hemorrhage. The closure of the subarachnoid space was established by the 
introduction of india ink through cisternal puncture, which was arrested at 
the point where the channels were blocked. The following conclusions were 
drawn: 

Though there are individual differencés in all of the five cases, all of them, 
nevertheless, bear out Dandy’s observation on communicating hydrocephalus. 
The significance of a patent subarachnoid space is once more emphasized by 
this material without giving outspoken support to the claims that the sub- 
arachnoid space with its mesothelial lining is an absorbing surface (Dandy), 
or that the fluid is filtered through the pacchionian bodies (Weed). This, 
however, is clear: a reduction in disposal of cerebrospinal fluid causes hydro- 
cephalus. When this occurs through the reduction of the number of patent 
channels in the subarachnoid space without obstruction in the communication 
between ventricular cavities and the subarachnoid space, there exists a com- 
municating hydrocephalus. 

Several methods have been devised to assist one in recognizing the com- 
municating form of hydrocephalus and to distinguish it from the obstructive 
form. The injection of a neutral solution of phenolsulphonphthalein into the 
ventricles with its subsequent recovery from the spinal fluid by lumbar puncture 
is the method which Dandy used in his study of the varieties of hydrocephalus. 
This is supplemented by a study of the degree of elimination of the dye by 
the kidney. In the obstructive type of hydrocephalus, dye is not recovered in 
the fluid obtained by lumbar puncture immediately after its injection into the 
ventricles, and its excretion by the kidney after a two hour interval is almost 
nil; in the communicating type, the dye appears immediately in the fluid 
obtained by lumbar puncture and its excretion by the kidney is from about 
2 to 5 per cent at the end of two hours. More recently, Dandy injected the 
dye by lumbar puncture and recovered it through puncture of the fontanel. 
This, as the earlier methods, is extremely helpful for there are no clinical 
features which distinguish with certainty the communicating from the obstruc- 
tive type of hydrocephalus. 

DISCUSSION 


Dr. Louis CaAsAmMajor: Dr. Globus has shown conclusive evidence of the 
function of the subarachnoid space. For many years, until Dandy published 
his work on the communicating form of hydrocephalus, it had been thought 
that the blocking of the flow of the fluid from within the brain into the sub- 
arachnoid space caused the internal form of hydrocephalus. Dr. Globus’ presen- 
tation is a conclusive mass of evidence. It throws much light on the functions 
of the subarachnoid space and supports the idea of Key and Retzius for 
the drainage of the pial fluids and likewise the fluids in the subarachnoid 
space itself. It seems, from the mechanical point of view, that meningitis, 
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by sealing off the space should give exactly the same sort of clinical picture 
as it gives apparently —the exact pathologic picture as that which is caused 
by the lack of cleavage of the primitive pia into the two layers. 

Dr. Henry A. Ritey: My conception of the subarachnoid space is a closed 
sac completely surrounding the hemispheres, the cerebellum, the brain stem, 
and extending downward into the intravertebral canal as the arachnoid of 
the spinal cord to the lower limit of the dural sac. The cisterns form a large 
intercommunicating series of spaces on the base of the skull in the meshes 
of the arachnoid. From behind forward, beginning with the cisterna cerebello- 
medullaris, the part of the system of spaces which lies between the cerebellum 
and the roof of the fourth ventricle, the series of spaces continues forward 
on all sides of the medulla, the pons, into the interpeduncular space, around 
the sides of the peduncle, laterally into the fissure of Sylvius, forward over 
the chiasm, upward over the corpus callosum, caudally throughout the extent 
of the dorsal surface of the corpus callosum to the region of the colliculi, 
and there becomes again continuous with the cerebellomedullary cistern from 
before backward. Similarly, if one starts from the cerebellomedullary cistern 
and proceeds laterally, one can encircle the cerebellum or further forward 
the cerebrum. The subarachnoid space is not only communicating from behind 
forward, but also from side to side around the summit of the cerebellum. 
If such is the case, I do not see how failure of the mesenchymal layers to 
form the pia and arachnoid could explain the fact that the fluid does not reach 
the convexity unless the adhesions are formed around the entire cerebellum 
and brain stem and as far forward as the chiasm. It is rather difficult to 
make clear. In other words, the whole space intercommunicates in every direc- 
tion from the basal cistern around the front, around the back, and over the top. 

Will Dr. Globus describe the position of these cadavers when he injected 
the india ink? Were they prone on the face? Was the injection from below 
forward, and were the bodies allowed to remain that way? Were they turned 


up or down, or shaken around? Would not gravity hold the india ink in place? 

Furthermore, were the arachnoid, the inner surface of the dura, the region 
of the sinuses and of the pacchionian bodies investigated in these cases? 
Did you investigate what is generally accepted as the regular method of 
escape of the cerebrospinal fluid from the interior of the cranium? 


Dr. GLospus: It was striking that in the entire group of five cases the 
black fluid did not cover the entire cerebellum. In every instance only the 
posterior lobe of the cerebellum was filled with the india ink as though part 
of the subarachnoid space about the anterior portion of the cerebellum had 
also shown the same adhesions or failure of cleavage between the pia and 
arachnoid. Were this space over the cerebellum open it could not bring the 
fluid beyond the point of adhesions, at the interpeduncular cisterna, for the 
pia-arachnoid space was sealed almost all over the dorsolateral surface of 
the cerebral hemisphere. 

As to the position of the cadavers, the head was in a dependent position. 
Gravitation would have brought the fluid into the subarachnoid spaces over 
the cerebral hemispheres if they were open. The fluid was injected by a 
syringe, and I could not avoid using pressure. This, of course, equalized or 
neutralized the resistance when the head was elevated. Even with increased 
pressure the fluid could not be made to pass beyond the areas demonstrated. 
As far as the pacchionian bodies are concerned, the question whether the 
fluid is flowing out from the subarachnoid space by means of the passage of 
the pacchionian bodies, or whether there is a selective absorption of the fluid 
by means of the vessels, was left by me entirely untouched. I cannot answer 
it by means of my material. I have not taken sides with Dandy or with Weed 
as to whether there is a reabsorption fluid into the subarachnoid space, or 
whether there is an excretion of fluid in the pacchionian bodies. I have pointed 
out that the subarachnoid space must be open. It must permit a free circula- 
tion of cerebrospinal fluid for either the reabsorption of fluid according to 
Dandy or the excretion of fluid according to Weed. In each instance the 
channels in the subarachnoid space must be open. 
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SYMPOSIUM: THE PREVENTION OF 
AND MENTAL DISORDERS 


NERVOUS 


GENERAL 


SURVEY OF WHat CAN BE DONE TOWARD PREVENTION. Dr. 
BERNARD SacuHs: As a member of the Public Health Relations Committee 
of the New York Academy of Medicine, I was asked to write the chapter 
on the prevention of mental and nervous diseases for a book on “The Pre- 
vention of Disease” to be issued shortly by that committee. My contribution 
to this symposium is practically a condensation of that chapter. 


In the attempts to prevent, or at least to curb, the incidence of nervous and 
mental disorders throughcut life, several factors of prime importance are to be 
considered. These factors are: a sound heredity; proper protection of the health 
of the mother during pregnancy and all possible care and skill at the time of 
the delivery of the child; careful and sensible guidance of the child through the 
first years of life; rational school training; proper supervision during the adoles- 
cent years; the avoidance of sexual and alcoholic excesses; the avoidance of 
syphilitic infection. These general statements apply to the problem of the avoid- 
ance of organic and functional nervous diseases and of mental disorders. 

In the matter of a “sound heredity,” it may be suggested that persons who 
are afflicted with some form of transmissible disease, and particularly those 
suffering from marked syphilitic infections and those known to come from families 
in which there is a definite strain of mental afflictions, should not marry. If 
they do marry, the prospects of a normal progeny would be improved if such 
persons were at least mated with those coming of known healthy stock. Above all, 
in families in which there is a distinct hereditary taint of nervous or mental 

liseases there should be no intermarriage; at least, there should be no children. 
3eginning with a consideration of the organic forms of nervous disease, one 
omes first to: 

Diseases of the New-Born.—One must differentiate between diseases of ante- 
iatal origin and those due to difficulties during labor. All strictly hereditary 
forms of disease may be thought to be antenatal in origin, but in addition to 
this more or less vague conception, one must remember that the fetus itself 
s subject to various forms of disease. It is most important that the mother during 
rregnancy be guarded against every form of infectious disease. It is now fairly 
vell established that syphilis is transmitted directly through the mother (a positive 
Wassermann reaction in an apparently healthy mother) and indirectly through 
the father. It is easy to account for the fact that the mother is not infected 
reinfected) by venereal ulcers on the lips of the suckling babe. Therefore, when 
there is the least suspicion of syphilis in either parent, thorough antisyphilitic 
treatment should be given before conception takes place, or at least during the 
earliest period of pregnancy. From the social point of view, it is fortunate that 
active syphilis often leads to miscarriages or to the death of the fetus in utero. 
Were it not for this circumstance, hereditary syphilis would play a far more 
pernicious role than it does. Hereditary syphilis is a relatively rare etiologic 
factor in nervous disorders. Congenital tuberculosis is a little more common, 
but is also relatively rare; since it does occur now and then, the only safeguard 
would seem to be that a frankly tuberculous woman should not be allowed to 
become pregnant, and, if pregnant, the question arises whether pregnancy should 
not be interrupted. 

It has been claimed but not definitely proved that poliomyelitis and even 
epidemic encephalitis may be developed in utero. For this reason, it would be 
wise to keep the pregnant mother so far as possible out of reach of either disease. 
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A solemn warning must be given for diseases due to conditions during labor. 
Obstetricians and neurologists have never come to grips on this important point. 
There is a tendency at the present time to minimize the importance of these 
factors. Allowing for the fact that the case may have been slightly overstated, and 
as F. R. Ford has recently shown that cerebral diplegia is not as frequently 
due to injuries at birth as was supposed to be the case, the preponderant weight 
oi evidence is still in favor of the enormous harm that can be done to the skull 
and brain of a child by improper obstetric manipulation. I would rather exaggerate 
this point than lessen the responsibility of the obstetrician and the family physician 
in this matter of prompt and safe delivery of the child. That first-born children 
are the most frequent victims of cerebral birth palsies is a forcible commentary on 
the effect of “prolonged compression of the skull.” Lessen the period of labor 
in primiparas ! 

The “obstetric” palsies (so-called) are surely among the avoidable diseases. The 
brachial plexuses of an infant are delicate strands, and undue traction on the arm 
or arms should be avoided. While the lumbar and sacral plexuses are not so easily 
lacerated, traction on the lower extremities occasionally gives rise to serious palsies ; 
lately, Crothers and Putnam have shown that even serious injuries of the spinal 
cord may result from improper manipulations at birth. Their statistical evidence 
is interesting; in a large series of cases, there were twenty-six definite “cord 
cases”; the uncomplicated brachial palsies numbered 216 and the cerebral palsies 
of birth origin were 260. While these figures may be subject to error, as the 
authors allow, they at least support the wisdom on the part of the obstetrician of 
avoiding undue traction on the lower extremities as well as on the upper. Whil 
one has a far more favorable impression of the relative safety of delivery by 
forceps, allusion must be made to the occurrence of facial palsies due to compression 
of the peripheral portion of the nerve by the blade of the forceps. The modern 
obstetrician has so often been accused of undue haste rather than of delay that 
it is well to state that so far as present evidence goes the child seems to be none 
the worse for the “haste.” ; 


Infectious Diseases of the Nervous System—Many of the general infectious 
diseases of childhood are apt to have neural sequelae; others have a special pre- 
dilection for the central nervous system. Among the latter are acute anterior 


poliomyelitis (infantile spinal paralysis), which occurs most frequently in children 
but also often in adults, epidemic cerebrospinal meningitis and epidemic encephalitis. 
In the prevention of these acute infectious diseases little attempt was formerly made 
to isolate those afflicted with the disease, since the danger of infection was not 
supposed to be great. Epidemics within recent years have taught that it is wise 
to isolate such patients, in spite of the fact that the actual infecting organism i1 
some of the epidemics has not yet been definitely discovered. Isolation of a period 
of one month in cases of infantile spinal paralysis and in some other epidemic 
diseases is suggested. Medin showed conclusively that the school was the source 
of infection from which the cases of poliomyelitis seemed to radiate; for that 
reason, it is wise to close, for a few weeks, the schoolrooms and schoolhouses in 
which one or more cases of these infective disorders have occurred. In the New 
York hospitals during epidemics of epidemic encephalitis and of poliomyelities 
few cases have occurred proving the direct transmission of the disease. There ‘is 
sufficient reason to secure isolation of the patient, however, whenever it is possible. 

The early and proper care of the patient suffering from any of the infectious 
diseases of the central nervous system plays an important part in the restriction 
of the sequelae which are often far more disastrous than the original disease. 
It is important to prolong the period during which the patient is in bed until every 
vestige of the inflammatory process has disappeared and to guard the patient by 
proper physical manipulations against the development of contractures and chronic 
paralytic distortions. Vaccines and therapeutic serums, as discovered, may lessen 
the incidence of these epidemic and infectious diseases of the central nervous system, 
and when given early may make the disease less virulent; they may mollify, if 
not prevent, the many disastrous sequelae of these various scourges. 


| 
° 


SOCIETY TRANSACTIONS 


877 


Syphilitic Infections of the Nervous System.—Syphilis may be acquired at any 
time of life. In childhood syphilitic infection is relatively rare, but every physician 
recognizes the importance of safeguarding the infant against wet-nurses who 
may be diseased (a positive Wassermann reaction will exclude a certain number) 
and against all children’s nurses who are certain to come into physical contact 
with their wards. 

Syphilis appears to have especial predilection for the central nervous system. 
Fordyce, Wile and Stokes, Cannon and a number of reliable investigators have 
shown that there is distinct evidence in many cases of involvement of the cerebro- 
spinal fluid within the first year after the initial infection. Taking the lowest 
estimate (that from 25 per cent of all syphilitic persons develop neurosyphilis to 
73 per cent as claimed by Wile and Stokes), it is certain that in the prevention of 
neurosyphilis early and vigorous treatment is essential as soon as the initial symp- 
toms appear. So far as neurosyphilis is concerned, it may be assumed that every 
one with primary syphilitic disease is potentially neurosyphilitic. Occasional 
lumbar puncture for diagnostic purposes is permissible. There is some risk, 
however, in repeated lumbar punctures, especially when performed by unskilled 
persons. To my knowledge, harm has been done by punctures too frequently 
repeated. Moreover, it is better to be guided by clinical signs and not merely 
by the cerebrospinal content. Whatever the content might be, if a person who 
had had a syphilitic infection developed any symptoms of central nervous disorder 
(a sluggish pupil, a subnormal knee jerk or ankle jerk, or lightning pains) the 
antisyphilitic treatment should be pushed for several years. While I am willing 
to allow that there may be some difference of opinion as to the methods to be 
pursued in the treatment of persons with syphilis of the nervous system, I declare 
unhesitatingly that in the early stages of a constitutional infection, before clinical 
signs have appeared, an intraspinous treatment of any sort may do more harm 
than good. In every person who has. shown the first signs of syphilitic nervous 
disease, a course of ten or twelve injections of sulpharsphenamine or neoarsphen- 
amine should be repeated at least three times a year for several years. Such 
therapeutic procedures will guard against the development of the more serious 
forms of syphilitic nervous disease, among which must be classed multiple cerebro- 
spinal syphilis, locomotor ataxia and general paralysis. Now that successful treat- 
ment can be given intramuscularly with sulpharsphenamine, there is no reason 
why any physician in town or country should delay vigorous treatment at the 
earliest period of the constitutional infection. The good effect of sufficient initial 
treatment is made evident by the diminishing number of cases of tabes dorsalis 
and of dementia paralytica, and by the milder and more protracted courses these 
diseases run as contrasted with those in former years. In 1915, according to 
3ritish statistics, the death rate per million was sixty-three cases of general 
paralysis and twenty-one cases of locomotor ataxia; in 1923, these figures were 
forty-four and nineteen, respectively (Newman: 59, 1926). 


Hereditary and Family Diseases of the Central Nervous System—Among these 
diseases are included Friedreich’s disease, hereditary spastic paralysis and amaurotic 
family idiocy (Tay-Sachs disease). If anything can be done to prevent the develop- 
ment of these disorders, it is only in ruling against marriages between persons 
coming from a family in which one of these diseases have occurred. Amaurotic 
idiocy is not transmitted directly; the victims of the disease die at an early age, 
and absolutely healthy children occur in the same family and in succeeding genera- 
tions; it is questionable whether one could demand that the members of such a 
family group practice celibacy. As some of these supposedly hereditary diseases 
may be accompanied by endocrine disturbances, the attempt should be made early 
in life with children of such families, whether they present symptoms or not to 
determine whether there is any evidence of disturbances of glandular function. 

Progressive Muscular Atrophy.—It would seem useless even to mention the 
prevention of progressive muscular atrophy. The types of this disease belong often 
to the order of family diseases; a few are syphilitic in origin; in some, endocrine 
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disturbances have been noted, and what was said of family diseases would probably 
be true of this special group. To offset the notion that nothing can be done to 
prevent the development of these diseases, I have shown that in one definite form 
(the peroneal form of progressive muscular atrophy) the disease can be stayed 
by early orthopedic measures; in several other cases under my observation, the 
progressive wasting of the muscles has been delayed or counteracted to a large 
extent by carefully directed and persistent physical therapeutic measures. Even 
in these diseases the physician is not to fold his arms and claim that nothing can 
be done. It may be mentioned here that Peaton and Farnell have reported a case 
of dystrophy in which the patient improved when he was placed on a diet rich 
in sugar, and Goldthwaite has reported recovery from muscular dystrophy by 
mechanotherapy to facilitate the glycogenic function of the liver. It seems more 
than probable that studies along the lines attempted by Goldthwaite and others 
will show that the use of epinephrine, pituitary extract and other glandular sub- 
stances may some day point the way to measures, which, if they do not prevent 
the disease itself, will at least counteract the devastating course of the disease. 

Chorea and Tics—It may be impossible to prevent the development of an acute 
attack of chorea minor, since this disease in all probability belongs to the category 
of infectious diseases and is often a sequel to other acute infectious disorders 
(scarlet fever, acute articular rheumatism and endocarditis). On the other hand, 
fright, shock or a slight overstrain at school precede the onset so frequently that 
children who are ill with any infectious disorder should be guarded especially 
against undue emotional excitement. Children are known to be imitative to a 
degree. It follows that all children showing the slightest choreic manifestations 
should be kept from school and should not be allowed to play with other children. 
Once the chorea has begun, much can be done to check the disordered movements 
or at least to prevent the movements becoming riotous and exhausting. To this 
end absolute rest, and dry packs (as a method of moderate restraint) are essential. 
In a large hospital service, I have seen the excellent effect, even in severe cases, 


of asking the children to “play dead’ —meaning that they were to try to show 
how quietly they could lie in bed without stirring a limb. 


If self-control is important in acute chorea, it is the essential factor in the pre- 
vention of habit chorea and habit “tics.” The trouble is that the physician is so 
often in doubt whether he is dealing with a true chorea or a habit chorea. The 
distinction can be made easily enough, and choreic habits can and must be “nipped 
in the bud.” The troublesome and annoying “tics” of after life (head movements, 
tricks of speech, facial grimaces and shoulder movements) could be reduced to 
at least one fourth their number if sufficient pains were taken to check these move- 
ments and tics at the very start. Some ingenuity and some wise suggestive thera- 
peutic measures (mirror practice for instance) may have to be instituted. The 
movements must cease, and the patient must stop them before they gain control 
over him. 

The Prevention of Other Functional Nervous Disorders—Many of the func- 
tional disorders may some day be included among organic nervous diseases. Chorea 
and epilepsy are about to be transferred completely from the former to the latter 
group. Even so, much may be done to check these disorders in their earliest 
stages and to prevent them from becoming chronic diseases. Of chorea I have 
spoken; it is of equal importance to consider convulsions seriously; to inquire 
into the possible, exciting cause of each convulsive seizure and, by removing or 
counteracting such cause, to prevent the development of epilepsy. Slight injuries, 
especially to the head, should not be disregarded; so-called “fainting spells” and 
“lapses” may be the first manifestation of epileptic disease. In no other class 
of diseases is a complete physical examination of greater importance. 

The Neuroses, the Psychoneuroses and the Psychoses—Viewed from the angle 
of prevention, the neuroses, the psychoneuroses and the psychoses may be con- 
sidered a unit. It matters not whether the condition is a simple neurasthenia, a 
conduct disorder, a hysteria, a hypochondriasis, dementia praecox or a manic- 
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depressive. psychosis. In all of these, heredity or at least family environment is 
supposed to play a most important rdle. Often this last view leads to a spirit 
of pessimism and inaction on the part of parents and physicians. A fatalistic 
doctrine, however, is the last that one should adopt and to a great extent is false. 
It is much more to the point to assume that hereditary influences, if they exist, 
can be counteracted to a great extent, if not nullified, by a healthy environment. 
Every child at birth should be considered “potentially normal.” Realizing the 
powerful influence of environment and of early training, it is especially important 
to watch with the greatest care during the early, formative years of life over a 
child that is thought to be predisposed to any one of the neuroses or psychoses. 
I have stated elsewhere that outright mental derangement, barring idiocy and 
imbecility, is relatively rare in childhood. Even the psychoneuroses are rare in 
young children. Yet the condition in many of the candidates for grave mental 
disorders is recognizable in the earliest years and should be studied and handled 
with discriminating care. Every physician of experience has known “neurotic’’ 
and also “psychoneurotic” stock. Any departure from the average or conventional 
standard should be viewed with suspicion, and the necessary corrective should be 
applied at the earliest possible moment. Nine times out of ten the chief corrective 
measure will be a complete change of environment. A physician who knows the 
family conditions favoring the outbreak of neuroses should have the courage, as 
he has the duty, to be frank and outspoken in stressing the importance of a change 
of method of training and a change of environment. This is not a mere phrase; 
it is a prophylactic measure of the greatest importance. 

Of late years, especial stress has been laid on the earliest recognition of mental 
abnormalities in the confident belief that such recognition will lead to the gradual 
diminution of mental disease later in life. This is the basic thought underlying the 
mental hygiene movement. It is the reason for the clinics of child guidance, for 
the careful personality studies and for much of the psychologic work that is now 
being attempted in the family, in schools and in colleges. 

The line of demarcation between normal and abnormal children is so uncertain 
that the principles which apply to the development of character in the normal 
child apply with especial force to the development of those children who are pre- 
disposed by inheritance or by environment to even the mildest forms of nervous 
and mental disorders. It is with reference to the development of the mental 
and moral health of such children that such a movement as the one that 
s now undertaken in the public schools through the agency of the National 
‘Child Welfare Association, and that is known as the Knighthood of Youth, is 
of great value. Such a movement as this, sensibly controlled and directed as 
it is, will do much to prevent the development of many of the minor neuroses, 
ind it is especially fortunate that the children of the poor and of the well-to-do 
ire to be equally benefited by the principles pursued by those in charge of this 
Knighthood of Youth. Its fundamental principle is “to develop individual char- 
icter through practice of daily acts, to form habits of obedience, carefulness, 
promptness, self-reliance, neatness, courtesy, honesty, self control, cheerfulness, kind- 
ness, good citizenship, and service to others.” 


The obsessions of early childhood deserve special mention. These obsessions 
ire supposed to originate without rhyme or reason. They are spoken of as impera- 
tive concepts, imperative impulses and the like. Many of them, I am convinced, 
ire not visited on the child out of a clear sky but are often based on some 
experience, sad or otherwise. So many persons with obsessions and abnormal 
habits are seen in everyday intercourse that the importance of checking these 
tendencies early in life cannot be stressed too strongly. Just as in the case of 


tics, the only hope of checking these tendencies is to attack them vigorously 
early in life. 


3oys and girls in the school period and in early adolescence are prone to mild 
mental disorders. Many of them are moody; some are hypochondriac, and a con- 
siderable number are afflicted with a sense of inferiority, although this is by no 
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means as common as recent discussions of the inferiority complex would have us 
believe. In all such cases it is a matter of the utmost importance that the home 
and school environment be examined carefully, and that the child or youth’s rela- 
tion to his family and to the other pupils of the school be carefully determined. 
Personality studies will be most helpful, provided that the person conducting them 
shows a proper sense of proportion and does not exaggerate acts and traits that 
are relatively unimportant. Some of the fads of the day, particularly the fear 
of “repression” and the fear of wholesome discipline at school, have encouraged 
the development of many of the minor neuroses. In the period of adolescence, 
both boys and girls should be given proper sex information, and in this the 
physician can be of the greatest help. Physicians will agree in the desire not 
to overstimulate the sex practices of boys and girls. In this connection, it may 
be stated that the physician will do well to frown on self-abuse in either sex. 
Some physicians are known to be curiously indifferent to, or ignorant of the 
evil that comes of continued self-abuse. 

Dementia praecox and manic-depressive psychoses are the two forms of mental 
disorders in which family inheritance, possibly family environment, are to be 
considered the chief etiologic factors. Can anything be done to prevent the develop- 
ment of these conditions? Every alienist of considerable experience has known 
dozens of such families in which two or three members of a family in succeeding 
generations have been thus afflicted. It will not be necessary to consider the 
differential diagnosis between the two conditions, nor is it easy to prove this 
matter by statistics, but manic-depressive psychoses are even more definitely due 
to a hereditary taint than is dementia praecox. In the latter, other extraneous 
factors may exert an influence equal to that of heredity, but in a family in which 
either one of these diseases has appeared again and again, I would urge that 
every child be given especial care in its earliest years. If possible, let it be reared 
by strangers so as positively to exclude the effects of an unwholesome environ- 
ment. The children of such families should at the earliest possible moment be 
brought into contact with other entirely normal children, especially in the kinder- 
garten and in the earliest primary school period. The question is not, however, 
as simple as this, because in the development of every child, normal or abnormal, 
the mutual love between parent and child should be maintained and fostered. I 
cannot conceive of any problem which would call for greater tact on the part of 
the family physician than the problem of leading the early training and education 
of children of neurotic stock along entirely normal lines. So far as dementia 
praecox is concerned, I have been impressed by one especial feature of these cases. 
So many cases develop in the adolescent period when the first great strain in 
the struggle for existence is manifested; when the question of economic support 
first presents itself and the person is apt to subject himself or herself to unusual 
efforts; especially when the supreme effort is made to rise higher in the social 
scale when the boy or girl who works hard during the day also attends night 
school, does an inordinate amount of reading and makes an extreme effort to 
improve mentally; it is under these conditions that dementia praecox becomes 
manifest. While it may be argued and cannot be contradicted that dementia 
praecox might have developed even if such conditions had not existed, yet the one 
thing that can be done on the part of the physician is to make the child or the 
parents realize the limitations as to brain power and the amount of physical 
or mental strain that the child can endure. Not every boy is fit to endure the 
strain of preparing for college examinations, and surely not all those who attempt 
to enter on one or another professional career are fitted for such careers. Some 
institutions have wisely adopted the plan of determining whether or not a student 
has the ability to pursue the studies which he has elected, and some of the pro- 
fessional schools have had the courage to state frankly to applicants whether or 
not they are properly equipped for the career that they have chosen. If candidates 
for colleges and for professional schools were more carefully directed into the 
lines of work for which they are mentally and physically fitted, some, if not many, 
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cases of dementia praecox would be prevented. Overambition and over-strain are 
as important in the development of the psychoses as are careless living and excesses 
of all sorts. 

Paranoia is not nearly as frequent a diagnosis as it was many years ago. Many 
of the cases that were formerly labeled paranoia now appear under the title of 
the paranoid form of dementia praecox; but a small group of such cases still 
remains, and a considerable number of the patients are persons who have started 
out early in life with some minor peculiarities of behavior. Some may have 
been recluses; others might have been afflicted with a superiority rather than an 
inferiority complex; some have suffered especially in the early struggle for exis- 
tence, and others have had life made too easy for them by overindulgent parents. 
In the way of prevention of this special form of mental disorder, little more can 
be done than has been advised with regard to the forms previously discussed. 
Dr. Bingham has shown that by studying the peculiarities, the characteristics and 
the home conditions of young women in high schools, it is possible to consider 
carefully the factors that may possibly affect a developing mind and perhaps 
prevent the outbreak of serious mental disorder. 

As for idiocy and imbecility, there are so many different forms and so many 
different causes that it is not possible to lay down general rules of prevention. 
Those due to factors operating before or during birth have been alluded to; as 
for those due to faulty heredity, the only hope of diminishing their number lies 
n preventing marriage between persons of tainted stock or in exercising birth 
ontrol. 

Enough has been said to prove that the prevention of nervous and mental 


isease is not a mere pipe dream; it is a subject for serious and intensive study 
nd discussion. 


SOME PROBLEMS IN THE PREVENTION OF FUNCTIONAL 
MorRTIMER WILLIAMS RAYNOR. 


PsycHoseEs. Dr. 


The traditional view of the functional psychoses and the general aloofness of 
medicine has been a bar to the understanding of these disorders. Organic mental 
eactions and physical factors as immediate causative agents are now fairly well 
inderstood. The functional reactions, because they resisted understanding in 
physical terms, have been more difficult to disengage from the traditional concep- 
on and to view from a scientific angle. The conceptions of the unconscious, the 
ersonality make-up, and dynamics as applied to human thought and conduct have 
pened the way to their understanding. Recent studies in heredity have failed to 
stablish mental disorders as generally heritable; neuropathology has shown that 
the brain in dementia praecox is free from organic changes, both of which permit 

more hopeful outlook. Constitutional and physiologic studies have dispelled the 
time honored conception of mind and body and have contributed evidence of the 
biologic nature of the functional disorders in which the whole organism is involved. 
Studies in anthropology have thrown much light on the development of the race and 
of the individual and have contributed to the understanding of primitive reactions. 
Two problems, the understanding of the personality make-up and the psychologic 
environment of the family, were discussed and illustrated by the study of a case. 
The main tendency of the personality is determined by the experiences met with 
ind may lead the individual directly into a psychosis, or so condition his emotional 
and instinctive reactions that when certain stresses are met with a psychotic 
reaction results. The family situation is of great importance in molding the 
personality and is often the outstanding factor in the development of a psychosis. 
The influence of the psychologic family environment is frequently mistaken for 
heredity. These are only two of the many factors at work in the functional 
psychotic reactions. Their importance is such that their recognition and evaluation 


offer definite practical indications for the treatment and prevention of these 
psychoses. 
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THE SIGNIFICANCE OF THE TREATMENT OF BEHAVIOR PROBLEMS OF CHILDREN 
IN THE PREVENTION OF MENTAL DisorRDERS. Dr. Lawson G. Lowrey. 


So far as can now be seen, the effects of work in mental hygiene in the pre- 
vention of mental disorders and clinical behavior cannot be statistically treated. It 
is possible that at a later period this may be done. So far the active work in 
mental hygiene has operated rather to increase the number of cases being brought 
to such organizations, with some decrease in the severity in the individual case at 
the time it is first brought for treatment. The fact that no statistical analysis 
is possible should not make the work the subject of criticism. There can be no 
question that in a large number of individual cases children are helped to a situa- 
tion where they can realize their greatest opportunities for success and happiness 
with a great reduction in the risk of mental disorders and serious behavior problems 
at a later stage in their life. 


IMBALANCE OF THE SECRETORY GLANDS IN THE CAUSATION OF NERVOUS AND 
MENTAL Diseases. Dr. WALTER TIMME. 


ROLE OF PSYCHOANALYSIS IN THE PREVENTION OF NERVOUS AND MENTAI 


DisorpDERS. Dr. A. A. BRILL. 


In the state hospitals twenty-five years ago, soon after Dr. Adolph Meyer 
became director of the New York State Psychiatric Institute, the old order oi 
things, when hardly any notes were kept about the patients, was just beginning 
to disappear. Dr. Meyer insisted on the newer methods of examination, in whicl 
kraepelinian classifications stood out most prominently. When one followed 
Kraepelin and Meyer, however, everything was purely descriptive; one learned 
sound observation and thus found a greater interest in psychiatry than in the old 
times when the neuroses received even less attention than the psychoses. Most o 
the cases in private practice, in clinics and in dispensaries were diagnosed a 
neurasthenia or psychasthenia. Under the circumstances, there was no question « 
prophylaxis in nervous and mental diseases. The patients were treated on 
purely physical basis — fresh air, food, cold baths, electricity, tonics, and sedative 

all of which was of some help in the organic neuroses and‘ psychoses, bu 
practically useless in the functional nervous and mental diseases. 

With the advent of Freud and his school, which was built up on a knowledg 
of Charcot’s hypnotism and Breuer’s cathartic method, the way was shown to 
real prophylaxis in the functional neuroses. As long as the nature and mechanis: 
of psychic symptoms were unknown, there was no possibility of developing a: 
insight into the meaning of the symptoms, without which a prophylaxis could 
hardly be expected. Through a knowledge of psychogenesis, repression, unconsciou 
mentation, psychosexuality in the psychoanalytic sense, and many other psychic 
mechanisms taught by Freud, one is not only able to understand and cure th 
functional neuroses, but, as it is now known what is at the basis of these diseas 
a sound prophylaxis is being developed. Just as a knowledge of the pathology 
the infectious and contagious diseases taught one to prevent these diseases by 
eliminating the sources of infection, so one can now control and, in a great measure, 
eliminate the functional neuroses through a rational mental hygiene which begins 
with the birth of the child. 


By throwing light on child life, education and cultural institutions in general, 
Freud’s influence is becoming more and more apparent in the prevention of nervous 
and mental diseases. 


DISCUSSION 


Dr. J. Ramsay Hunt: This has been an interesting and full discussion of an 
important subject; one cannot but be impressed by the growing importance of the 
psychologic field when one considers the nature of this discussion before the society 
and what it would have been twenty years ago. Dr. Sachs has given a masterly 
presentation of the whole question, beginning with the birth of the child. The 
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late Dr. Holt, with the authority of his great pediatric experience, was of the 
opinion that many of the functional disorders of the nervous system of later life 
could be traced to difficulties of nutrition in the early weeks and months of child 
life. He thought the fact that modern mothers often do not nurse their babies, 
or nurse them for only short periods of time, was a serious defect and was 
responsible for some of the constitutional weaknesses that developed later. I 
could not but think of this when Dr. Timme was giving his presentation on the 
“imbalance of the ductless glands” in early life, and wonder whether there may 
not be some vital principle in mothers’ milk which plays an important role at 
this early period in stimulating and harmonizing these activities. 

Dr. Sachs also stresses another point which seems to me of great importance 
and is perhaps overlooked in these days of intensive psychotherapy; that is the 
question. of discipline and disciplinary training in certain types of neurotic dis- 
orders. Modern psychologic methods have laid especial stress on the release of 
repressed material and readjustments of the libido after inhibitions have been 
removed, and with the successes which have been obtained in this group one is 
ipt to forget that there is another large group, to which Dr. Sachs has referred, 
n which the patients really improve under corrective measures and disciplinary 
raining, and in which this method of approach is indicated. 

It is a rather strange fact that in a discussion of this sort no one has men- 
tioned alcohol as bearing any relation to the causation of mental or nervous 
lisease; while its importance has no dgubt been exaggerated by propagandists 

the past, it must be recognized as a toxic factor of importance, together with 
xcesses in tobacco. Overwork, excessive ambition and the great strain and effort 

complex modern life are also important factors to be reckoned with in the 
revention of nervous and mental disorders. 
Another matter that was not mentioned and which I think we, as a medicai 
ly, should recognize in this connection is the question of birth control. Certainly, 
physicians we must acknowledge that excessive births are a frequent cause of 
ervous disease and of the psychoses, and that a knowledge of rational methods 
birth control is desirable; such knowledge tends to promote the health of the 
dividual and of the community. 


I think that this whole symposium opens up the 
iestion of the great importance of periodic health examinations in relation to 
ental and nervous diseases. When the time comes that every family is subjected 

a periodic scrutiny, the principles which have been laid down by the various 
peakers will certainly be of great importance. 

Dr. SANGER Brown: I think a symposium of this kind is timely as far 
; our State Department is concerned, because a division of prevention of mental 
nd nervous diseases has been established. This division is not organized yet, but 
think in time it will be worked out in the best manner possible by those who 
re directing it. This discussion has brought out that the prevention of these 
onditions rests along two main lines: physical and psychologic direction. Statistics 
irom the State Department show that 45.2 per cent of all admissions were caused 
'y some form or other of physical disease; the remainder, 54.8 per cent, were 
aused by conditions which one could not attribute to any physical cause. In the 
prevention of these physical causes, which Dr. Sachs and the other speakers have 
pointed out, there are many approaches of which one is not entirely aware in the 
field of preventive medicine. Community centers scattered throughout the city, 
the activities of committees on child hygiene, the use of toxin-antitoxin in pre- 
venting diseases, various measures for controi of venereal disease—all of these 
.ctivities in the field of general medicine will have their effect in the prevention 
)f physical disease, and therefore cannot fail to help eventually in playing a part 
in the prevention of mental disease from the physical standpoint. From the 
psychologic standpoint it would seem that the problem is much more difficult. 
Social tendencies at present, as Dr. Hunt has pointed out, have been against the 
restrictions and restraints and the tight-laced puritanic behavior of the previous 
generation. Certainly that charge cannot be laid against the generation of young 
people now growing up. It remains to be seen whether less mental or nervous 
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disease will result. Probably the young people have not reached a very even keel; 
it may take another generation before one sees any results from the modern 
philosophy of life. However, in this country there are other factors which work 
along the general line of psychologic benefit, in social welfare movements, in the 
schools, as shown by the tendency on the part of the teachers to classify children 
differently and to teach them differently — all of these social movements of super- 
vised welfare must have a bearing on the psychology of children, apart from 
anything which we do as physicians. Therefore, I think it may be that we can 
look forward with some degree of optimism to the prevention of the apparently 
ever-increasing number of mental disorders. 

Dr. S. R. Leany: I think all of the factors which have been emphasized are 
important. The physical, glandular, and particularly the psychologic, especially the 
psychoanalytic understanding of these cases, as Dr. Brill pointed out, have taught 
one to try to understand the symptoms and reactions rather than to view them 
as entities; in that way they have helped the situation a great deal. Dr. Sachs 
has covered the ground very well. I would like to have had him discuss a little 
more fully the part played by acute physical or contagious diseases in affecting 
the nervous system, particularly as to the end-result. I mean measles, whooping 
cough and the so-called influenza reactions in which the end-results are in the 
nervous system. 

The importance of disciplinary measures has been referred to several times; 
I think the lack of discipline in the modern child is as bad as too much discipline ; 
I think that one fixes certain reactions in a child by suggesting that type of reac- 
tion, and this applies not only to behavior disorders, but to habit spasms, tics, etc. 
One is apt to think of the nervous child as being the result of hereditary influences, 
but I think that the nervous child is largely the result of living with nervous 
parents. The child who has to do this feels it is the proper way to react to his 
situation; as a result, one finds a nervous, maladjusted child who is very apt to 
remain so until adult life. Rather than having clinics for problem children, I 
think we ought to have clinics for problem parents and for people before they 
become parents, so that the parents will learn self-control, particularly along the 
lines of emotional reactions. I think that an important factor in nervous and 
mental disease in children and adolescents is that they have never made proper 
educational adjustments. They have followed the regular courses, have fallen by 
the wayside, developed an inferiority complex and become maladjusted. I think 
proper adjustment of the emotional factors, not only by parents, but also by 
teachers, is most important; I often see the bad effects of poorly balanced teachers 
who project their own nervousness onto the children. It seems to me that when 
a child is presented at school he ought to be given a thorough physical survey, 
including an examination of his nervous and glandular systems, with the various 
inoculations for contagious diseases; the various physical abnormalities which he 
presents should be corrected before he is taken into the school. He ought to be 
examined psychologically to see whether he can pursue the regular course, or if 
he has special aptitudes which might be developed; and to see whether one is 
dealing with a highly emotional child who ought to be treated in a certain way, or 
if he should have vocational training. These factors would help to prevent the 
large incidence of nervous and mental disease in the schools and in adolescent 
life. All these factors are important; this is not a problem for the medical 
profession exclusively, but for the parent, the teacher and social agencies dealing 
with children. We have heard a great deal about the prevention of the spread 
of nervous and mental disease, particularly by the sterilization of the unfit; if 
this is going to be practiced, it ought to be practiced along scientific lines. 


Dr. Louis CasamMajor: I was thinking as I heard these papers how much 
progress has been made. I have seen the men who are anatomically minded lie 
down like the lion and the lamb with those who are psychologically minded, and 
there seemed to be no difference between them. Dr. Hunt went back ten years; 
my memory extends beyond that twenty years —and I wondered what would have 
happened in this Society had any such symposium been presented at that time. 
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Dr. Sachs stressed the development of the nervous and physical endowment at 
birth by means of which the man must react; those reactions make up a good 
part of the conditions we call the psychoses. Development does not stop at birth; 
Donaldson has shown that up to about the twentieth month of age, various factors 
that determine the organic endowment of the person are still developing. I am 
skeptical about some of the evidence of birth trauma. I think with Dr. Hunt 
that we do not pay enough attention to the feeding and other factors. Develop- 
mental factors in organs other than the nervous system undoubtedly are important. 
[ am willing to believe that there is an extraneural psyche, and such factors must 
be taken into consideration if one would understand the psychologic make-up of 
the individual. I am still, however, enough of an anatomist to believe that the 
tissues must be considered. With all the advances along psychologic lines, one 
annot overlook the tissues, for I think the psyche is only a function of the 
tissues. What is one to do about those poor imprisoned pituitaries; can those 
prison walls be broken, and what would happen if they were? Dr. Timme used 
psychologic terms in speaking of glands and fixation at various levels; I think that 
s a hopeful sign in endocrinology. If there is one thing that has impressed me 
t is how the psychiatrist has come out of the institution. Ten years ago he was 
loistered in the institution where he worked and had nothing to do with the outside 
life of the world. Now the psychiatrist is out in the world and is getting into 
ts problems. That is an extremely important thing, because the way to handle 
many of these problems is to nip them in the bud by the proper sort of discipline. 
Dr. Raynor showed very well what discipline of a certain sort can do. As I 
stened, I felt hopeful about prophylaxis in mental disease. With the increasing 
nterest of parents in these problems and with fewer children having wrong 
rocedures used on them, I look forward to a decrease of the psychoses in the 
iture. I wish I could feel as optimistic about the prophylaxis of the organic 
ervous diseases. 
Dr. Sacus: There are a few things that I must say so as not to suffer from 
me “repression.” I have taken some trouble to answer the psychoanalysts and 
ive shown some reason why many of us do not take their attitude. They have 
arned a number of new things, which we all appreciate and try to understand; 
it understanding of them is not always so easy. If I may translate and condense 
famous line from Faust: “Concepts wanting, words presenting.” Worse than 
e number of unintelligible terms is the psychoanalysts’ extreme lack of logic. 
hey state a certain thing that applies if a certain thing happens; the next person 
ys it does happen, and then they base whole theories on an assumption that 
s not been proved. Psychoanalysis has been altogether overdone. I will grant 
at we have learned a great deal. I do not believe that half of what is claimed 
r the unconscious is true; even if one hundredth part of it were true, it is 
teresting, and I am perfectly willing to go with them to the extent that my 
gical sense will allow me to follow. The trouble does not lie in the theory, 
I took occasion to show some time ago. If a man can prove to me that the 
noon is made of green cheese, I am willing to listen to him, but it is the applica- 
tion of the doctrine that is atrocious and has been productive of great harm. 
(here is much talk about the relation of parents to their children. I am deeply 
concerned about this; but when psychoanalysts implant false concepts in the minds 
f parents, I will have nothing to do with them. So far as the rearing of the 
child is concerned, they have stressed the sex doctrine to such an extent as to make 
young parents feel that there is nothing in this world which has any importance 
except sex. It is the duty of the parent to try to develop the character of the 
child, and those parents and teachers who have succeeded have not had to bother 
about freudian doctrine. Such sex information as children need should be given 
soberly and carefully. There are many other and more important things to be 
considered. Amelia Bingham, who has analyzed an entire class of high school 
girls and published her results, found reasons for conduct disorders and for mal- 
adjustments. She made some reference to sex, but it was not only sex. There 


were many other factors that were far more important than sex. Instead of 
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preventing or curing sex disorders, psychoanalysts are multiplying them by constant 
insistence on the importance of sex. It is the harm done in the development of 
the character of young people that arouses my antagonism to freudian doctrines. 
I have the greatest admiration for Freud, but he is not the only psychologist that 
ever lived. Dr. Brill said that he had heard no reference to Freud this evening. 
He heard no reference to Janet and many other famous psychologists. 

[ referred to psychologic analysis in my paper. I believe in it. I do not 
believe in psychoanalysis, although I am willing to allow that it has contributed 
a great deal that is true and a great deal more that is false. 

Dr. Brill was surprised to hear me say something about the evils of masturba 
tion. That is such a trite subject that I am almost afraid to answer it; any man 
with even half the experience I have had in neurologic and psychiatric practice 
cannot doubt the evils of masturbation. Occasional masturbation does no harm, 
but when it becomes a habit, it affects the entire individual; it changes him; it 
taxes him emotionally, his energy, his powers as a working individual; it wrecks 
him when carried to excess. I consider it one of the most harmful practices, and 
when you tell me that 99 per cent of men masturbate, I do not believe it. They 
may make an occasional attempt in early life, but I should be sorry for ow 
manhood if they were all masturbators; I am sure they are not and never were, 
not all of them at any rate 


prefer that tern 
to psychoanalysis) did not begin with Freud. It existed long ago; yet psycho 


Another thing I wz to stress is that psychologic analysis (1 


analysts speak as though until their advent no one had ever taken the trouble t 
analyze mental conditions. I can remember that more than forty years ago the 
cases of obsessions and the cases of minor and major mental disorders were 
analyzed most carefully. I can recall the experience that I had with Westphal 
in Berlin, where I studied psychiatry. The assistants talked for hours with eacl 
patient in an effort to analyze the case. All sorts of analysis was practiced. One 
did not know about the subconscious as now; one did not worry about complexes, 
but in various ways the entire history of the patient was gone into carefully 
One knew much about sex, but one also knew there were other etiologic factor 
worth considering. Freud has shown the importance of sex it is true; but hi 
followers have forgotten everything else. It is true that sex has played a part 
in conditions in which one did not suspect it; but to make it the only urge ir 
life is not true. 

Dr. BrIL! Dr. Sachs claims that psychoanalysts are “damnable” becaus 
they attribute everything to sex. He blames us for the fact that a lot of womer 
see nothing but sex in their children’s behavior, etc. There is some truth 
what Dr. Sachs states, but his emotional generalizations remind me of that professor 
of physiology, who, in his lecture, among other things, spoke also of the daily pet 
capita consumption of meat in different countries. He mentioned the fact that tl 
smallest per capita consumption was in Italy, where one consumes daily only 
few ounces of meat. In Germany and England it was much higher, while in 
America, the daily per capita consumption of meat was 5 pounds, and he went 
on to say: “Gentlemen: The reason why the daily per capita consumption of 
meat in America is so high is because the statistics are not true.” Dr. Sachs is 
absolutely wrong in his claims that the psychoanalysts base everything on sex 
Neither Freud nor any of his pupils have ever said this. What is maintained 
is that in a state of civilization the sex instinct has suffered much more from 
repressive forces than the instinct of hunger, and it is for this reason that sex 
plays such an important part in the life of the modern human being. Besides, if 
one bears in mind Freud’s concept of sex and remembers that a large part of the 
sex unearthed by the analysts is repressed or unconscious, the situation looks quite 
different. Dr. Sachs forgets that, aside from the fact that Freud emphasized the 
sexual factors in the neuroses, he also gave meaning and life to psychopathology 
by teaching psychogenesis, unconscious mentation and many other important mental 
mechanisms. Why overlook all this? As a matter of fact, when one is unbiased 
in his examination of neuroses or psychoses, one is always struck by the sexual 
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factors. Thus Bleuler, who is by no means a blind follower of Freud, states that 
sexual conflicts are at the bases of almost all dementia praecox in male patients 
and in all females. I am sure that Bleuler’s views are respected not only by me, 
but by the whole scientific world. Bleuler is not a blindly enthusiastic freudian 
when he states that without Freud, psychopathology would not have progressed. 
Dr. Sachs’ idea on the lack of frequency and the evil effects of masturbation, 
is he expressed them this evening, is certainly surprising. I refer Dr. Sachs to 
the “Handbuch der Sexualwissenschaft,” given out by perhaps the greaStest sexol- 
gists living, in which it is expressly stated that masturbation is to be looked 
m as a normal involution of the modern sex life, etc. Some sexologists claim 
that it is practiced by all males and somewhat less by females, but others claim 
that it is found in all women at some time in life. As far as the evil effects 
f masturbation are concerned, I too have spent considerable time looking for them. 
‘eyond a slight physiologic exhaustion, as found after any energetic act, which 
uickly disappears, there is nothing else. If Dr. Sachs’ evil effects refer to physical 
mental sequelae, I must say that I never saw them. That does not mean that 
would encourage grown-up masturbators to continue in this practice. Masturba- 
n is an auto-erotic, infantile sexual activity; if habitually indulged in by an 
lult, it means that such a person is still on an infantile level as far as his 
chosexual evolution is concerned; as such, it should be discouraged. The only 
effects are the conflicts that it may cause in neurotic persons by virtue of 
inadequacy and as a result of the terrifying information on the part of quacks 
ignorant lecturers. 7 


Dr. Sacus: Does it not produce exhaustion? 


BRILL: Nothing lasting that I know of. I shall now return to the psycho- 

’ It is not that we go out of our way to stress sex. When I analyze 
accessible patient with dementia praecox or one with a compulsion neurosis, I 
1ot just overstress the sexual elements. I stress everything that the patient 
ippens to present—his whole miheu. If sexual factors appear, I naturally 


ilyze them. Only persons who have never read Freud will accuse him of 
rstressing sex and of foisting it on everybody. The results of this work speak 
themselves. I recall two patients that I have seen today—a woman who 
is seen by Dr. Sachs at the age of 5, when she showed neurotic symptoms, and 
patient with dementia praecox seen by Dr. Hunt about fifteen years ago. Firm- 
s in the treatment of neurotic persons, stressed by Dr. Sachs this evening, was 
plied by the parents to the former patient, but she developed a bad compulsive 
irosis. After much treatment by many physicians, she finally came to me about 
elve years ago. I cured her neurosis, and she made a good adjustment; 
is now about 40 and is still single. Dr. Hunt’s patient went through a number 
schizophrenic episodes, with secondary phenomena. He was not a case for 
gular psychiatry; with a psychoanalytic approach, he made an excellent social 
ljustment. He has been supporting himself for fourteen years and gets along 
ry well, although he telephones to me and occasionally visits me. Had I treated 
im by orthodox respectable methods, such as electricity, tonics and colonic irriga- 
ns, he would have been returned to an asylum long ago. 
Nevertheless, Dr. Casamajor did strike the right chord when he said that it 
a good sign of the present times that we can sit here and exchange views 
nore or less calmly. Unlike some meetings of the past, I felt that this evening 
verybody made a sincere effort to understand the views of his opponent. 


t 
if 
4 
4 
4 


Book Reviews 


UEBER KONGENITALE WORTBLINDHEIT. Dr. Fritz BACHMANN. Price, 4.20 
marks. Pp. 72. Berlin: S. Karger, 1927. 


This monograph deals with congenital word blindness. Bachmann first discusses 
briefly variants in reading capacity and the special abilities and disabilities. He 
suggests the determination of a standard “reading and writing age” to be related 
to the chronologic age of the child as a coefficient of retardation. He gives a 
brief but fairly wide survey of the history of the problem of congenital word 
blindness. His own material was obtained by means of a circular letter to the 
school teachers in Munich; in response to this only ten cases were referred, 
although the school population of Munich is about 51,000. Only seven of these 
ten subjects were used in the study; five were boys and two were girls. The 
ages were between 9 and 14 years. Visual, auditory and physical examinations 
gave normal results. 

After eight pages of general discussion of speech, reading and ideation, with 
an almost exclusive psychologic coloring, Bachmann returns to the description 
of his own tests and observations. His first tests, which were planned to determine 
the accuracy of perception of form, were so presented, however, as to test only 
recognitive and not recall memory of the test figures. He did not find any notable 
differences between his patients and a normal control group of children of the 
same age. Again with the use of cut up pictures (wirfel baukasten) there was 
not any evidence of meaningful difference between the two groups. In arithmetic, 
both in reading numbers and in computation, the children who were word blind 
did as well as the control subjects. 

Bachmann reports that there were no large deviations from the normal in the 
field of attention for letters and sound association with letter form. Deviations 
unrecorded by the examinations used may perhaps exist, but they would be toc 
small to account for the defect. 

With regard to the reading errors in the cases of congenital word blindness, only 
four types are recorded—omissions of sounds, additions of sounds, reversals 
(Umstellfehler) and substitution of letters (falsche Buchstaben). In all of these, 
the patients outnumbered the control group but particularly in omissions and 
reversals —in the latter by six to one. Reading time is also significant, and it 
is delayed for both nonsense syllables and meaningful material in the children wh 
were congenitally word blind. 

Bachmann remarks that when one observes how restricted the understanding 
is for material read, one might think that there is a defect in understanding. This 
cannot be proved objectively, however, and he records his general impression that 
understanding of speech is only below par so far as is determined by the restric- 
tions of input by reading. At one point he says that a common factor is not 
observable, that the disease picture is never twice alike in all details and that 
nothing further can be said in comparison of different cases than that the reading 
is poor, but he adds that he considers the point of origin of the whole picture 
to be an inability in putting together sounds into words. This he repeats at 
several places, once referring to it as a particular function, which may be 
selectively wanting. 

Another point of difference between his patients and control children is recorded 
in the time between correct reading and understanding of the word. Bachmann 
calls attention to the common observation in such cases that often the moment of 
understanding is delayed after the correct sound for the word has been found. 
He considers this linkage to the meaning to be the final step in the psychologic 
process of reading, and while delay in understanding after correct reading also 


BOOK REVIEWS 889 
occurs in normal persons to a lesser degree, he holds that a marked lengthening 
of this period is pathognomonic for congenital word blindness. 

Children who are word blind are able to copy in script from printed material 
with few if any errors, but there are usually gross errors both in writing to dicta- 
tion and in propositional writing (spontan-schreiben). In the two latter forms, 
four error types comparable to the reading errors are recorded — reversals, omis- 
sions, additions and substitutions. Sometimes the mistakes are so numerous as 
to produce jargon (Kauderwelsch). Again emphasis is laid on the failure of 
correct assembling of letters into words comparable to the failure of putting sounds 
together in reading. 

His discussion of treatment is exceedingly scant (about one page). He holds 
that treatment must be fitted to the individual case, and the choice of teaching by 
the phonetic or the sight reading method (“look and say plan’) will depend on 
whether the subject is of the visual, auditory or motor type. He emphasizes the 
great importance of recognition of the handicap of these children by their physicians 
and teachers, and recommends that they be left to the regular schools and be 
aided by special tutoring. His treatment is embraced in the statement that the 
sole therapy is “continuous practice.” 

Prognosis similarly receives scant attention. The outcome is related to the 
severity of the condition. The interest and willingness of the child are noted as 
factors of moment in prognosis. 

The final heading is that of etiology. Here Bachmann reviews briefly the 
lassic theories of damage to the brain and focal agenesis and reproduces Hinshel- 
wood’s and Stephenson’s familial charts, but he does not offer any constructive 
suggestions. 

In criticism, I think it may well be said that Bachmann may be convicted on 
his own evidence of having based his study on an exceedingly meager and ill 
hosen sampling. The children were not of his selection, but were chosen for 
im by school teachers in answer to a circular letter; from a population of 51,000 

hool children he derived only ten cases. Obviously, the selection here was 
rtuitous, and his list apparently contains only cases of the most severe grade. 
[his initial limitation precludes any broad vision of the field of the reading dis- 
ibility problem as a whole and restricts the value of his reports correspondingly. 
\ wider sampling would probably have prevented his curious confusion of reading 
nd writing and would have convinced him of the existence of largely unrelated 
lefects in the two functions e. g., good readers with extensive faults in written 
pelling. His suggestion of a coefficient of “reading and writing age” (sic) derived 
y dividing the reading and writing capacity by the chronologic age in children 
are specifically retarded in reading disregards entirely the problem of the 
varying degrees of intelligence with which this disability may be associated. A 
ider vision of the problem would undoubtedly have suggested the use of the 
ental age as the divisor here or, still better, the use of an educational profile. 
\nother restriction imposed by his method of sampling is that it excludes all of 
he younger children with this difficulty. His youngest patient was 9 years of 
ge, and if one may assume that 6 is the year of entering school in Munich, all 
i his children had been exposed to teaching efforts for three or more years. This 
lefect in material shows in Bachmann’s statement that from his cases he could 
not determine whether there was a defective association between the letters and 
their sound, although he considers this to be possible. Had his material included 
hildren in the first and second grades, no such question would have arisen. In 
these early stages, such a defect in association is outstanding. 

The experiments dealing with graphic forms other than letters unfortunately 
were used only as a test of recognition, and hence do not throw light on the 
interesting problem of recall in reversed orientations i. €., spontaneous mirror 
writing, which is not infrequently observed in these children when they first begin 
to write. 

Bachmann discusses the two main pedagogic methods, the phonetic (buch- 
stabieren) and the “look and say” method (known in this country as the sight 
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method), and refers to them as the optic synthetic and optic analytic, respectively. 
The latter term seems to be entirely inept as a description of either the intent or 
the practice in the teaching of reading by sight. The aim here is to implant the 
entire word as a unit which is recognized as a symbol for its corresponding 
meaning — practically as an ideogram — and, consequently, it is without any analytic 
moment. In discussing the value of the two methods, he recommends that choice 
should rest on the psychologic type in the particular case, i. e., visual or auditory 
or motor. His use of these concepts, however, is not constructive. It makes, for 
example, no allowance for the effect of training and experience in determining 
such types. From his statements one would infer that he considers a preference 
for visual or auditory material to be an inherent and fixed attribute. This point 
of view does not take cognizance of the almost limitless plasticity of the brain 
in children and tends to direct attention to the study of established reaction patterns 
rather than to experiments aimed at correction of limiting factors. 


The tremendously interesting field of the effects of such a handicap on the 
personality of a child is passed over in three lines in which it is said that they 
suffer emotionally more or less, especially when their disability is not recognized 
by the teacher. 

Tl 


€ monograph contains an extensive bibliography, and as a whole, may be 
up as a report of careful observations on a small and poorly chosen 
ive offering in diagnosis, prognosis or treatment. 


FAMILIENPSYCHOSEN IM SCHIZOPHRENEN ERBKREIS (PSYCHOSEN BEI DEN 
ELTERN VON DEMENTIA PRAECOX-KRANKEN). By Dr. HERMANN HOFF- 
MANN \bhandlungen a d. Neurologie, Psychiatrie, Psychologie  u. 
ihren Grenzgebieten. x. ae Price, 7.20 marks. Pp. 120. Berlin: 


S. Karger, 1926 


Hoffmann, fully appreciative of the difficulties encountered in an attempted 
luation of the probable hereditary factors in families with schizophrenia, has 
ntribution to the subject in the present monograph. His hypoth 
are based on a careful survey of a wealth of case material (extensively cited) 
are, furthermore, correlated with the observations of the many investigators 
have shown interest in the problems directly or remotely related to those ot 
dity. In other words, the substance of the monograph is well documented. It 
is probable that many readers will find in the contribution ideas that they had 
formerly gained in an impressionistic manner ; if so, those readers should be pleased 
to have many of their impressions more clearly crystallized. Hoffmann states 
that his object is merely to set forth the most important lessons arising from his 
empirical investigations and to promote a better understanding of the conceptions 
of the problems of schizophrenia. The investigation has particular reference t 
psychologic elements, although the physical habitus (Kretschmer types) is also 
considered to no small extent. 

Hoffmann adopts in this work the Kretschmer nomenclature and its connota- 
tions. He appreciates the apparent simplicity of the schema, but thinks that it 
contributes satisfactorily to practical experiences. The expressions “cyclothymic” 
and “schizothymic” (respectively cycloid and schizoid) serve as useful starting 
points from which in the future more exact meanings may arise. 

The prepsychotic personality of the schizophrenic patients was schizoid in 
per cent of the total number studied. Pure cyclothymic characters were far less 
frequently found, the proportion being 19.6 per cent. The “mixed” types (cyclo- 
schizothymic) constituted 24.6 per cent. Hoffmann expresses the opinion that the 
cyclothymic (prepsychotic) persons possess a pronounced affinity for the manic- 
depressive symptom complex and that the course of the psychosis is apt to be of 
the remitting type. He claims that the latter is true also in those patients with 
schizophrenia who exhibited the pyknic habitus. 

The schizoid and asthenic subjects show a striking inclination to what Hoff- 
mann terms the simple, progressive course in schizophrenia. However, there are 
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isolated instances of schizoid-asthenic patients who attain states of remission; one 
cannot speak of recovery in the same sense as one uses the term in reference to 
the manic-depressive group. Furthermore, remissions in schizophrenia are 
obviously not always conditioned by a cyclothymic-pyknic constitution, but are often 
the result of the schizophrenic anlage itself, in which latter instance exogenous 
psychologic factors play a significant réle in the production of a schizophrenic 
episode. The more schizoid the prepsychotic personality, the clearer and purer 
does the schizophrenic symptomatology appear. In schizophrenic psychoses on a 
cyclothymic basis the schizophrenic syndrome is diminished to a considerable 
extent, while the manic-depressive symptomatology dominates the clinical picture. 

Hoffmann believes that the “mixed,” atypical psychoses probably belong pri- 
marily to the schizophrenic hereditary circle. In the same circle there may be 
also those who exhibit a catatonic attitude in a setting of melancholia, and those 
of the argumentative, nagging type. 

Organic psychoses in a schizophrenic anlage are often seen to have schizo- 
phrenic symptomatology. 

The heredobiologic relationship of the schizophrenic anlage to schizophrenia 
showed the following: both parents were schizoid in 52 per cent of the families ; 
one parent was schizoid in 46 per cent of the families and both parents were 
nonschizoid in 2 per cent. The families were those who had at least one schizo- 
phrenic child. Of the sibship, 46.3 per cent displayed a schizoid type of personality ; 
11.4 per cent were of the “mixed” (cycloschizoid) type, and 25.2 per cent were 
cyclothymic. If the prepsychotic personality of the patients (originally studied) is 
added to the prepsychotic personality of the parents, and siblings, the percentages 
attained are as follows: schizoid 55.6 per cent; cycloschizoid 11.8 per cent; cyclo- 
thymic 20.3 per cent. Thus there is a considerable dominance of the schizoid over 
the cycloid type of personality in the schizophrenic family. Hoffmann contrasts 
these figures with the percentage (16.5) of schizoid persons among the children of 
parents with “circular” reactions, and with the percentage (45) of schizoid persons 
among the children of schizophrenic parents. 

The author considers that a definite hereditary rule, on the whole coinciding 
with the results achieved by Riidin, may be formulated: namely, that the pro- 
portion of schizophrenic psychoses in the children is parallel with the frequency of 
psychoses in the parents. It is least when both parents are free from psychoses, 
greater when one parent is psychotic and greatest when both parents are psychotic. 
The types of psychosis exhibited by the parents make a difference, for the pro- 
portion of schizophrenic children is greater when one or both of the parents are 
schizophrenic than is the case when the psychoses in the parents are dissimilar. 

A schizophrenic illness may form the final link in a chain of psychoses, which 
extends over three or four generations. The schizoid anlage frequently is directly 
inherited, extends over several generations, and often retains the fundamental 
traits throughout. Transformations may appear if, for instance, a cyclothymic per- 
sonality fuses with a schizothymic. 

Hoffmann regards as great the probability that the symptomatology of the 
psychoses is in a large measure related to the structure of the prepsychotic per- 
sonality. The reviewer wishes that Hoffmann had defined what he included under 
the term “symptomatology,” for it seems to be used in its widest sense, as the 
aggregate of all the features that go to make up the clinical picture. Hoffmann 
promises to give further details later. He quotes the opinion, first advanced by 
Gaupp and subsequently adopted by Hoche, Kraepelin, Bonhoeffer and Bumke, to 
the effect that the hereditary anlage determines once and for all the manifestations 
of insanity. At least, prospective investigation must necessarily cope with this 
problem. 

Hoffmann thinks that the schizophrenic reaction type is predetermined in every 
person. In proof of this notion he calls attention to the surprising similarity 
between the psychology of dreams and the archaic-primitive thinking in schizo- 
phrenia (Storch). In the schizoid this reaction type is highly developed; it is 
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sensitive to endogenous or exogenous agents, thus giving rise to relatively easy 
cleavage; “the logical superstructure” finds it more difficult to keep the archaic- 
primitive method of thinking in abeyance and the psychotic elements appear. 

In the subsequent pages Hoffmann’s opinions are apt to be less illuminating, 
particularly when he supposes that the “biochemical structure of the individual” 
may account for malignancy (schizophrenia) and for benignancy (manic-depressive 
psychosis). The cyclothymic organism, for example, probably possesses a bio- 
chemical capacity, which enables it to be restored to “normal” balance, whereas 
the schizothymic lacks this capacity. At this juncture Hoffmann claims that the 
characteristic appearances of the body types (pyknic and asthenic) substantiate this 
hypothesis. The pyknic habitus suggests a well proportioned picture; the asthenic, 
as well as the athletic and dysplastic types, look discordant; it seems to Hoffmann 
that their biochemical mechanism is labile and sensitive. 

Whatever anatomic changes (in the brain? Hoffmann asks) may be seen in 
schizophrenic patients is probably secondary and unrelated in any direct manner 
to the clinical picture. He prefers to regard schizophrenia as due to a failure of 
biochemical correlations, not with the implication of an “anatomic process,” as 
that phrase is generally applied. 

Hoffmann’s monograph is well worth careful reading from beginning to end, 
for it not only provides a much clearer understanding of the probable role of 
heredity in schizophrenia, but also stimulates a legion of related questions. 


ANGINA Pectoris. THE ANATOMY, PHYSIOLOGY AND SURGICAL TREATMENT. 
Water B. Correy, Puitip Kinc Brown and JoHN Davis HUMBER. 
Cloth. Price, $6.50. Pp. 393. New Orleans: A. J. Dickerson, 1927. 


The authors report on the surgical treatment in thirty-five cases of angina 
pectoris, twelve of these since October, 1924. The book is divided into six chapters: 
the first deals with the historical aspects of angina; the second and third review 
previous publications of the authors and others; the fourth chapter discusses 
especially medical therapy and surgical technic, and the fifth and sixth chapters are 
concerned with the gross anatomy of the sympathetic system and experimental 
work. The introduction is written by K. F. Wenckebach of Vienna. 

The operative technic used by the authors is a modification of Jonnesco’s more 
extensive procedure on the cervical sympathetic ganglion, reported in 1920. This 
modification consists of cutting the main sympathetic trunk below the superior 
cervical ganglion and division of the superior cardiac nerve. The superior cervical 
ganglion has subsequently been extirpated because of recurrence of pain. The 
results of this operation have been encouraging, having afforded long periods of 
relief as detailed in the case reports. These results are at variance with the 
accepted physiologic teachings that the sensory nerves from the heart run through 
the upper thoracic nerves by way of the stellate ganglion. The authors believe 
that their results are strong proof that the superior cervical sympathetic ganglion 
and sympathetic trunk conduct impulses called pain. Under local anesthesia, human 
subjects feel radiating pain when the superior cervical ganglion is traumatized, and 
animals, under deep anesthesia, will also show painful reactions. Attention is 
directed to the pain of arterial ligation and intestinal colic. A discussion of these 
points may be found in a letter (pages 101-103) written to one of the authors by 
the late J. N. Langley shortly before his death. The authors discuss the anatomy 
and nature of the “depressor” nerve described and cut by the Vienna workers, 
Wenckebach, Eppinger and Hoffer, and conclude that no homolog of this nerve 
has been found in man, as described in animals by von Cyon, and that the so-called 
depressor is either the superior branch of origin of the cardiac nerve of the 
sympathetic or the superior cardiac nerve of the vagus lying on the vagus within 
its sheath. -In either event, it is a sympathetic nerve. 

The authors are definite in their conviction that all true anginal attacks are 
spasms primarily of the first part of the aorta or coronaries or both, and that 
death is due to cardiac asthenia from a spasm of these structures. Death is more 
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apt to occur if sclerosis exists. Patients with marked coronary sclerosis with low 
blood pressure, coronary thrombosis and syphilitic aortitis are poor surgical risks. 
In the thrombotic type of coronary block with continuous pain and lowering of 
blood pressure, no relief is afforded from the injection of nitroglycerin. In the 
nonthrombotic type or characteristic type for surgical intervention, the reverse 
is true—high blood pressure with relief from nitroglycerin. The transmission 
of pain from the spasm, stressed by MacKenzie, is not the serious matter. The 
superior cardiac nerve has a constrictor action, and cutting it prevents the spasm. 
Performed, as a rule, on the left side, a bilateral operation is sometimes necessary, 
because of the intimate relationship between the superior and deep cardiac plexuses. 
The authors demonstrate that if all fibers are not cut, there is a detour, and they 
bring out clearly the analogy to the circulatory system, namely, collaterals. 

The chapter devoted to experimental work includes a description of hitherto 
undescribed nerves, a branch from the superior laryngeal to the superior cardiac 
nerve of the sympathetic, a branch connecting the superior cervical sympathetic 
ganglion and trunk with the phrenic, also a branch of the glossopharyngeal to 
the sympathetic. Stimulation of the superior cervical sympathetic ganglion or 
the sympathetic trunk produced coronary contraction in a heart that had ceased 
beating for ten minutes, confirming Wigger’s discovery of constrictor fibers in 
the cardiac nerve of the vagus. Removal of the stellate ganglion in cats has been 
found incompatable with life, owing to respiratory failure, and therefore the 
removal of the entire sympathetic chainy as recommended by others, is condemned 
by the authors. 

An ingenious method of identifying and better defining sympathetic structure 
was devised by injecting their sheaths. This led to a method of improved pho- 
tography. Thirty-six photographic plates, with corresponding traced and descrip- 
tive figures and text, describe the operative technic and anatomy of the central 
sympathetic system. These photographs form a veritable atlas and will be invalu- 
able to the research worker and student in this special field. 

A contribution such as this, conceived and executed by a group of men in 
the active duties of a railroad hospital, is especially praiseworthy. It should be a 
stimulus to those with ideas and energy to conclude that large endowments and 
special equipment are not the sine qua non for creditable and fruitful research. 
From a practical associative standpoint, a step forward has been made in the 
knowledge concerning the anatomy of the sympathetic nervous system. 


VERKAPPTE RELIGIONEN. By Cart CuristrAn Bry. Pp. 250. Gotha: Leopold 
Klotz, 1925. 


This is a useful book in these days of “movements” and cults! The author 
treats his subject with a bright humor and amused philosophy, which is the 
best treatment for such ills. In his own words: “Our time suffers from a 
disease which dilutes even the most modest thought into a universal point of view 
(Weltanschauung) . . . . and this kills all humor.” A little of this saving 
grace would do much for the earnest members of many cults and reading of 
themselves in this book must have a salutary effect on some, especially when 
it is so easy to laugh at the description of somebody else’s pet hobby and quite 
shocking to find one’s own hobby logically classified with it in the same paragraph. 
For example, on pages 25 and 26 one finds: “These disguised religions are not 
merely monomanias, they soon try to become all-embracing thoughts. Over each 
one arches a special Kosmos, however small its starting point. The ‘Baconian’ 
does not only desire to prove that Shakespeare is really Bacon; he will have it 
that one must come from aristocratic descent and pure blood in order to be 
able to write such masterpieces. The devotee of psychoanalysis is not satisfied 
with having found a method by which one can bring to life forgotten experiences 
and make use of them in treating illness; he begins right off to put down the 
‘unconscious’ as the one really integrating and truthful part of man. The pacifist 
is not satisfied with preventing war, he wants to create a type of man that is 
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peaceful through and through. In short they all desire not only their part of the 
world, however small that may be, they want to give a new meaning to the 
whole world and all creation. They suffer from an evil that one might call 
‘elephantiasis religiosa or philosophica.’” 

Some of the other “verkappte Religionen’” which he discusses are:, Esperanto, 
Rhythmic Gymnastics, Superman, Communism, World Peace, Anti-Alcoholism, 
Theosophy, “Bibelforschung,’ Expressionism, “Jugend-bewegung,”’ “Genius is 
Insanity,” Anti-Freemasonry, Anti-Jesuitism. The list is long and grows longer 
every year. The essential trouble is that each wants to be wisest and to alone 
be right—like the mystics of old. Moreover, they usually love secrecy or at 
least a jargon of their own which distinguishes the initiated from the common 
herd. Homosexuality is briefly discussed and epitomized in the words of Brandt: 
“We are better than other people,’ meaning that these psychopaths really believe 
that homosexual love is the most beautiful on earth; its beauty is their religion; 
its freedom is their strength. 

The book is written largely from the standpoint of philosophy, but from the 
foregoing quotations it is evident that much of it is applicable to psychiatry, 
especially the last two chapters, which deal with psychoanalysis and occultism. 
These are discussed at some length and with a keen and dispassionate, but never 
cynical, attitude. It is greatly to be regretted that the author of this book died 
recently of tuberculosis. He was a young man; the world needs such men, with 
their objective point of view and friendly humor. 


HANDBUCH DER NEUROLOGIE DES OHRES. Volume II. Part I. By Pror. G. 
\LEXANDER, Pror. Dr. O. MARBURG and Dr. H. BRUNNER. Price, paper, 
87 marks. Berlin and Vienna: Urban & Schwarzenberg, 1928. 


Some years ago, under the editorship of Alexander, Marburg and Brunner, 
there appeared a series of volumes on the neurology of the ear. Three of these 
numbers have already appeared. They have been reviewed in this journal. 

The present number follows along the lines of the others and is of equal merit. 
[here are two large classifications, the first dealing with the part played by the 
nervous apparatus in diseases of the outer and middle ear, and the second, diseases 
of the cochlear and vestibular region, particularly their centers. 

In the first part there is a discussion by Pollak on diseases of the fifth and 
seventh nerves; by Spiegel on the vegetative nervous system in diseases of the 
outer and middle ear, and finally an excellent article by Benési on the involvement 
of the nervous system in congenital deformities of the outer and middle ear. 

The diseases of the cochlear and vestibular apparatus and their centers occupy 
about 500 pages. This subject is dealt with in four parts: (1) failure of develop- 
ment; (2) traumatic diseases, under which there is an excellent discussion by a 
number of authors, chief of which are by Brunner and Alexander; (3) interpreta- 
tion of the conditions of the ear in cerebral symptom complexes by Alexander, 
and (4) vascular disturbances, under which are included diseases of the labyrinth; 
the influence of the vegetative nervous system, particularly vasomotor, on the 
functions of the inner ear; vascular diseases in the brain stem and cerebellum 
and arteriosclerosis of the organs of the ear. 


This book like those which have preceded it, is well written, beautifully illus- 
trated and is complete. Every neurologist and otologist should have it. 
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